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. 
. I NTR ODUC T I ON 

, The information in this manual is intended as a guide 
I C  

t o  those desiring t o  use the Orbit Determination Program. The 

material herein has been divided into four main sections. ' *  

Section 1. contains a general description of program 

usage. It discusses the major subdivlsions of the program and 

each of their sub-modes. Also covered in this section are the 

various options available to the user in each subdivision. 
I 

Section 2. is devoted t o  a complete description of how 

program input is to be set up. This section lists by name a l l  

variables which may be read in. It gives the input section num- 

ber, location by card count, the format and description of each 
~ 

input variable. 

I Section 3. provides a complete description of the out- 

put avaiLable t o  the user. It explains how the frequency of output 

may be controlled. The options available in each subdivision are 

listed and the method by which they are specified by the user is 

explained. 

In Section 4 . ,  a description is given of operating 

procedures t o  be followed in the running of the Orbit Determination 

Program. A typical deck set-up is included for the user's infor- 

mation and tape assignments are discussod. There is a discussion 

of the two sub-programs into which Subdivision B2 ha6 been d i v i d e d .  

Some recomrnonded proceduror for operating offlciency are elso 

de scribod . 

I 
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1.0 G3NERAL DESCRIF’TTON OF F’ROSRAM USAGE 

s The program i s  coded e n t i r e l y  i n  t h e  FORTRAN Tv language and runs under 

-the TBSYS/IBJOB opera t ing  system. It has t h r e e  major subdivis ions,  viz., 
~* 

a )  A Mode - Computation o f  vehic le  ephemeris and genera t ion  of assoc ia ted  

observat ions;  v 
b )  B1 Mode - S t a t i s t i c a l  processing of  d a t a  consider ing j u s t  six basic 

states ( th ree  pos i t i on  and t h r e e  v e l o c i t y )  ; 

I c )  B2  MoFe -- ‘ t a t i s t i c a l  processing of  da t a  with c a p a b i l i t y  of spec i fy ing  

up t o  twenty add i t iona l  states.  

I The fol lowiny s e c t i o n s  w i l l  descr ibe  these  subdiv is ions  i n  more d e t a i l .  

1.1 A MOTE 

Th i s  subdiv is ion  can be broken down i n t o  fou r  sub-modes: 

a )  

b )  

The computation of vehic le  ephemeris only; 

Generation of  observat ions f o r  up  t o  twenty-five ground s t a t i o n s  and 

one on-board system; both observat ions and ephemeris pr in ted  ; 

Same as (b) with t h e  add i t iona l  f a c i l i t y  f o r  wr i t i ng  observat ions onto 

I 

c) 

I tape i n  a format s u i t a b l e  f o r  processing by subdivis ions E l  and B2;  

d )  Down range predic t ion ,  i n  which t h e  fol lowing are standard outputs :  

i )  

i i )  

iii) 

t h e  time a t  which a vehicle  comes i n  view of a ground s t a t i o n ;  

t he  t o t a l  time i n  s i g h t  

observat ion q u a n t i t i e s  while i n  s i g h t  

I -  

< 

iu) t h e  time of polar  baseline and meridian c ross ings  

1.1 -1 TRA.IICTORY COMPUTATION OPTIONS 

The u s e r  has  t h e  opt ion of s e l ec t ing  e i t h e r  t h e  Encke o r  Cowell special 

p e r t u r b a t i o n  technique o r  of suppressing all perturbations and using the  two-body 

s o l u t i o n  d o n e  

-3-  



The Encke in t eg ra t ion  i s  s ing le  prec is ion ,  the  tw+bodg component being 

computed i n  double precis ion.  The Cowell method is double prec is ion  tbrouThout. 

The per turba t ions  available t o  the  user include the  sun, moon, and f i v e  near 
' 

p lane t s ,  38 harmonic c o e f f i c i e n t s  of t h e  e a r t h ' s  ob la teness ,  s o l a r  r a d i a t i o n  

pressure ,  a i r  drag and t h r u s t .  

i nd iv idua l ly  se l ec t ed  as can the  t o t a l  number and order  of  each ind iv idua l  

harmonic coe f f i c i en t .  

Atmosphere of 1962 (up t o  2 9  kn.) and Harr is-Preis ter  Tables from 100 km. up 

t o  1100 h. 

two models i s  used. 

The p l ane t s  cont r ibu t ing  per turba t ions  can be 4 

The a i r  d e n s i t y  t a b l e s  are composed of the U.S. Standard B 

I n  the overlapring reg ions ,  an average of t he  va lues  e iven by the  

The Harris-Priester model i s  a func t ion  of  s o l a r  f lux,  a l t i t u d e  and l o c a l  

sun time. 

a l l  t h ree  var iab les .  

Solut ion f o r  t he  d e n s i t y  from these  t a b l e s  r e q u i r e s  i n t e rpo la t ion  i n  

The s o l a r  pressure rout ine  conta ins  provis ions f o r  computing the s o l a r  

i l lumina t ion  f a c t o r  as continuously va r i ab le  from 1 t o  0 as the  vehic le  t ravels  

from f u l l  sunl ight  through penumbra i n t o  the  umbral reqion.  

The in t eg ra to r  used i n  both the  Encke and Cowell methods i s  a modified 

Adams method due t o  Nordsieck. 

run on a continuously va r i ab le  b a s i s ,  thereby e l imina t ing  the  need of  switching 

t o  Rungs-Kutta-Cill t o  a t t a i n  t imes not i n t e g r a l  increments of t h e  s t e p  s i z e .  

R u n g e - K u t t d i l l  i a  nonetheless  requi red  as a s t a r t i n g  procedure f o r  the  Nordsieck 

The s t e p  s ize  can be va r i ed  a t  any time during a 

method. 

1.1.2 OTHER OPTIONS 

The following observat ions can be generated : 

a) Azimuth 

b) Elevat ion 

c) Range 

d )  Range-Rate 

e )  Hour-Angle -4- 

C 



* 
f) Declinat ion 

I 
~ g)  1 d i r e c t i o n  cosine 

s fi) m d i r e c t i o n  cosine 

- i) X Antenna Angle 

j) y Antenna Angle 

c 
I 

t k) Range equiva len t  

1 I R a n g e r a t e  equiva len t  
I 
I m) One wag Doppler 

n )  Two way C.oherent Doppler 

0 )  Two Wag Pseudo Doppler 

p) Radar Altimeter Ranging 

q) Stadiometric Ranging 

r)  Plane t  t o  P lane t  Angle 

s) S t a r  t o  P lane t  Angle 

t )  S t a r  t o  Landmark Angle 

u) Landmark t o  Landmark Angle 

v )  Radar Occul ta t ion 

w)  S t a r  Occul ta t ion 

The u s e r  can input  i n i t i a l  condi t ions i n  several coordinates  and i n  several 

systems of u n i t s ,  a t  h i s  option. I n  addi t ion  t o  these  coordinate  s,ystem opt ions,  

t h e  input  condi t ions can  be precessed, nutated, and l i b r a t e d  f o r  conversion t o  

t h e  proper i n e r t i a l  system. 

The inpu t  is  set  up so that  a run can be made us ing  many i t e m s  t h a t  are 

considered standard.  

i n t e g r a t i o n  intervals and similar var iab les .  

degrees  of Frecis ion.  That is, s t e p  size and r e c t i f i c a t i o n  criteria, t h e  number 

of p l a n e t s  and number of harmonics i n  oblatemes are a function of p m c i s i o n  and 

accuracy requirements.  If the  s tandards  

are not t o  his  liking, howver, he can apemite any or  all of them by using 

Such i t e m s  include p r i n t  i n t e r v a l s ,  r e c t i f i c a t i o n  criteria, 
* 

These standard inputs  have t h r e e  

The user ha8 a choice of t h r e e  levels. 

-5- 



add i t iona l  input  information. 
r 

Other opt ions include the  app l i ca t ion  of precession,  nu ta t ion  and l i b r a t i o n  

t ransformations t o  the  ohlatPness of t h e  e a r t h  and moon, and the  p r i n t i n g  of times 

when the  vehic le  c ros ses  i n t o  and out  of t he  penumbral region of the  reference 

body, 

of t hese  same regions f o r  t h e  non-reference hodv i s  a l s o  ava i l ab le  f o r  T r in t ing  out .  

I n  the  case of the earth-moon svstem, Fassage of t b e  vehic le  i n t o  and out' c 

v 
1.2 B1 MODE 

In t h i s  subdivision, t he  use r  has a choice of  one of six sub-modes: 

a) Orbi t  determination, i n c l u d i q  t h e  processinq of  r e a l  da t a ;  

b )  Orbi t  de te rn ina t ion  using a r t i f i c i a l  da t a  with thp add i t ion  of no ise ;  

c )  E r r o r  Analysis 

d 1 Propagation of Covariance mn t r i x  

e ) '  Propayation of M i s s  Coef f i c i en t s  

f )  Data Scanning 

The first th ree  modes invoEve the  reading of a proper ly  formatted da t a  tape. 

I n  the  first mode real da t a  i s  used w h i l e  i n  t he  second t h e  tape conta ins  simulated 

e r r o r l e s s  da ta ,  t o  which noise with se l ec t ed  random e r r o r  Can be appl ied.  

the  t h i r d  mode, the  FroTram assumes zero observat ion e r r o r  80 t h a t  the  nominal 

t r a j e c t o r y  i s  followed and the  covariance matrix ref lects  t h e  e r r o r  under t r u e  

I n  

t r ack ing  conditions . 
The fourth mode Frovides f o r  propagation of  t h e  covariance mat r ix  along a 

nominal t r a j e c t o r y  when da ta  are not available and t h e  f i f t h  mode provides  miss 

coe f f i c i en t s .  

The sixth mode r eads  the  d a t a  tape  and computes r e s i d u a l s  between t h e  d a t a  

and the  assumed t r a j e c t o r y .  

po in t s  which a re  not  usually ohvious when t h e  raw da ta  are scanned. 

This information a l lows  t h e  u s e r  t o  f ind  bad da ta  

1.2.1 OTJER OPTIONS 

The added opt ions  which the  use r  has  a t  h j s  d 1 ~ y o n : i l  include: 

-6-  



. a f l e x i b l e  F r l n t  syst,em; 

a b i l i t y  t o  r e i e c t  d a t a  of  any type from any s t a t f o n ;  

a b i l i t y  t o  Ignore da ta  of a Zlven type and from a cjiven s t a t i o n  

u n t i l  a specified time; 

a b i l i t y  t o  specify I and then  have one of each Rth o b o o m t i o n  of 

given type from a given e t a t i o n  processed; 

app l i ca t ion  of r e f r a c t i o n  cor rec t ion ;  

s e l e c t i o n  of cor rec t ions  for time de lay  

a b i l i t y  t o  r e j e c t  data  whose r e s idua l  exceeds a specified s t a t i s t i c a l  

l e v e l ;  

provis ion of a t e t i e t i c a l  uncer ta in ty  of each observation tvpe a e  input ;  

provis ion t o  p r i n t ,  i n  aumceary fom, obmrvat ion  time, s t a t i o n  number, 

observed value and residual of each poin t  processed. 

1.3 B2 MODE 

This  subdivis ion allow0 t he  u m r  t o  conoider as s t a b s  up t o  twenty a d d i t i o s  

al var i ab le s .  

d i f f e r e n t  var iab les .  

g r a v i t a t i o n a l  parametere, a l l  of t h e  oblateness harmonics of t h e  e a r t h  and moon, 

t h e  v e l o c i t y  of l i g h t ,  s o l a r  fl~c and a ree - to4aoe  r a t i o  of the  satellite. 

Fur ther ,  f o r  each of the twentgsiive s t a t i o n s ,  three components of o t a t i o n  loca t ion ,  

three components of s t a t i o n  Snguia or i en ta t ion ,  oix components of refraction, 

and a bias e r r o r  i n  each observation type can be mlocted. 

Other f e a t u r e s  of t h i s  mgucirmrm state veroion are i d e n t i c a l  t o  tho- of the  

These twenty va r i ab le s  can be chosen from a t o t a l  of some 800 

For example, states can be chosen from all of t h e  p lane tary  

minimum state vers ion.  

with both Corn11 and Encke in tegra tors .  

d i scussed  Freviously are ava i lab le .  

for handling powered f l i g h t  are included i n  the  B2 oubdivirion. 

Both a h p s  and a minimum variance mraion are available 

I n  each vers ion,  the inpu t  opt ions 

The only di f fe rence  is t h a t  no prmisionr 

-7- 
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. 
2. G E N E R A L  D ESCRIPTION OF I N P U T  

The Specifications Input is defined as that input which 

sypplies initial conditions, case parameters, station information 

and control options. 

In each of the three program subdivisions ( A ,  B1, and 
? 

B2), there is a subroutine whose function is reading the Specifications 

Input and performflg necessary initialization. The names of these 

subroutines are: 

(a) INPUTA ; 

(b) INPTBl ; 

(c) B21NPT . 
The Specifications Input for each of the three subroutines 

begins with the reading of a card which contains the major program- 

defining parameters. The remainder of the input is divided into 

two groups. 

The first group is composed of information which must be 

specified by the user. ‘Included in this group are such items as 

launch time, initial vehicle position and velocity, and perturba- 

tions to be included in the trajectory computation. 

The information in the second group is not necessarily 

supplied by the user. He can choose to accept a set of values 

described as standard. If he decides to uscz s i ? :  . ; ~lalues, he 

has the choice of low, intermediate or high precision. Furthermore, 

he can overwrite as many of these standard values as he wishes. 

Included in this second group of input values are integration step 

sizes, the number, type and value o f  oblateness coefficients to be 

* 

-a-  



I - 
u s e d ,  a n d  t h e  r e c t i f i c a t i o n  c r i t e r i a  t o  b e  u s e d  i n  t h e  r u n .  

4 

Each  g r o u p  o f  i n p u t s  i s  b r o k e n  down i n t o  s e v e r a l  s e c t i o n s .  

T h e  f i r s t  d a t a  c a r d  o f  a n y  s e c t i o n  t o  be r e a d  m u s t  b e  t h e  s e c t i o n  

n u m b e r ,  i n  i n t e g e r  f o r m a t ,  i n  c o l u m n s  f o u r  a n d  f i v e .  

For p u r p o s e s  o f  s t a c k i n g  c a s e s ,  t h e  u s e r  may c h o o s e  t o  

b y p a s s  a n y  or a l l  s e c t i o n s  6 5  t h e  f i r s t  g r o u p  e x c e p t  t h a t  s e c t i o n  8 

w h i c h  t e r m i n a t e s  t h e  g r o u p .  The same  a p p l i e s  f o r t h e  s e c o n d  g r o u p  

w i t h  t h e  a d d i t i o n a l  c o n s t r a i n t  t h a t  c a l l i n g  f o r  s t a n d a r d  v a l u e s  

r e - i n i t i a l i z e s  t h e  v a r i a b l e s  c o n c e r n e d .  

The  f o l l o w i n g  s e c t i o n s  g i v e  a d e t a i l e d  d e s c r i p t i o n  o f  

t h e  i n p u t  f o r m a t .  The q u a n t i t y  i n  t h e  d e s c r i p t i o n  c o l u m n  i s  e n t e r e d  

o n  t h e  s p e c i f i e d  c a r d  o f  t h e  s e c t i o n  i n  t h e  a p p r o p r i a t e  c o l u m n s .  

The  name g i v e n  i s  t h e  name u s e d  f o r  t h e  q u a n t i t y  i n  t h e  p r o g r a m .  
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1 INPUT FCR SUBDIVISI ON A 

Sect, C a r d  C o l s .  N a m e  

1 2-5 KSTDRD 

6-10 MDE 

11-15 PRECIS 

16-20 C E P I D  

F I R S T  GROUP OF I N P U T S  

1 1 2-72 

6-10 
11-15 
16-20 

2 2-5 

21-40 
3 1-24 
1 2-5 2 

I _  

I TITLE ( 1-12 ) 
NYEARP 
DAYS 
HRS 
HI N 
SEC 
TMAX 
KLM 

6-10 K L M l  

I5 L O  W I L L  W A N T  AT LEAST SOME STANDARD I N P U T S  
30 NO STANDARD. ALL VALUES WILL BE READ I N .  
=1 TRAJECTORY COMPUTATION 
=2 OBSERVABLE COMPUTATIONS WITHOUT SIMULATED 

=3 OBSERVABLE COMPUTATIONS WITH SIMULATED 

=4 P R E D I C T I O N  MODE 

=2 INTERMEDIATE P R E C I S I O N  LEVEL 
=3 HIGH P R E C I S I O N  LEVEL 

F5.0 =",1 ENCKE INTEGRATION 
=-1 COWELL INTEGRATION 

I5 

DATA 

DATA 

F5.0 =1 LOW PRECISION LEVEL 

1 2 A 6  T I T L E  
I5 YEAR O F  LAUNCH 

F5.0 HOUR O F  LAUNCH DAY 
F5.0 MINUTE OF LAUNCH HOUR 
D20.16 SECONDS OF LAUNCH MINUTE 
D24.16 T I M E  O F  RUN I N  HOURS 

I5 VTTOCITY VECTOR 

~ 5 . 0  DAY OF LAUNCH 

INDICATOR FOR U N I T S  OF P O S I T I O N  AND 

=1 KN,KM/SEc 
=2 ER,ER/HR 
=3 FT,FT/SEC 

=r  NM,NM/HR 
=4 MI,MI/HR 

=6 NM,FT/SEC 
=7 AU,AU/HR 
I N D I C A T O R  F O R  COORDINATE STSTEH OF IhWT 
VEZTORS 
=1 CARTESIAN COORD. E O  
=2 CARTES. COMPUTE WE 
= 3  GEODETIC LONC,LAT,ALT,VE,VN,VH; WE=O 
=4 GEODETIC LONG,LAT,ALT,VE,VN,VH; 

=5 GEODETIC LONG, LAT, ALT,tV, z, AZ; WE=O 
COMPUTE WE 

=6 GEODETIC LONG, LAT, ALT:V+ I', AZ; 
COMPUTE WE 

WE=O 

COMPUTE WE 

-0 

=7 GEOCENTRIC RA, D E L ,  ALT, VRA, VD,VH; 

=8 GEOCENTRIC RA, D E L ,  ALT, VRA, VD, VH; 

=9 GEOCENTRIC RA, D E L ,  ALT, V ,  ,AZ; 

=10 GEOCENTRIC RA, D E L ,  ALT, V, ,AZ; 
-10- COMPUTE WE 



Sect.  Card, cols, Name 
2 cont .  11-15 K W  

16-20 KSNAP 

21-25 KLM3 

26-30 KLIBR 

31-35 mREF 

2 1-24 R C I N ( ~ )  
25-48 (2) 
49-72 (3)  

3 1-24 R D C I N ( ~ )  
25-48 (2)  
49-72 (3) 

1 2-5 PASFX 
2-5 KS2BY 

3 
4 1 

6-10 K S P L T  

11-15 KSOBL 

16-20 KSDRG 

21ti25 KSRAP 

26-30 KSDRGM 

xnzt 
15 

1 5  

15 

I 5  

1 5  

D e s c r i D t i o n  

INDICATOR FOR " T A T I O N  AND P R E C E S S I O N  OF 
I N P U T  VECTOR 
=O NO 
=1 YES 
I N D I C A T O R  FOR NUTATION AND P R E C E S S I O N  OF 
VECTORS DURING RUN 
=O NO 
=1 YES 
INDICATOR FOR L I B R A T I O N  OF I N P U T  VECTORS 
=o No 

. 

-1 W@ 
--I LEI3 

INDICATOR FOR L I B R A T I O N  OF VECTORS DURING 
RUN 
=O NO 
=1 YES 
INDICATOR FOR INITIAL REFERENCE BODY 
=1 EARTH 
=2 SUN 
=3  MOON 
=4 MARS 
=5 VENUS 
=6 J U P I T E R  
=7 SATURN 

D 2 4 . 1 6  ( 
F5.0 TOTAL "MBER O F  P A S S E S  
1 5  I N D I C A T O R  FOR TWO-BODY INTEGRATION ONLY 

=O NO 
=1 YES 
I N D I C A T O R  FOR I N C L U S I O N  O F  PLANETARY 
PERTURBATIONS 
=O NO 
=1 YES 
I N D I C A T O R  FOR I N C L U S I O N  OF OBLATE?JT!SS 

l5 PERTURBATION 
=O NO 
=1 YES 
I N D I C A T O R  FOR I N C L U S I O N  O F  EARTH DRAG 
PERTURBATION 
=O NO 
=1 YES 
I N D I C A T O R  FOR I N C L U S I O N  O F  RAD1 ATION 
PRESSURE PERTURBATION 
=O NO 
=1 YES 
I N D I C A T O R  FOR I N C L U S I O N  OF MARS DRAG 
PERTURBATION 
=O NO 
=1 YES 

1 5  

15 

15 
1 

15 

-1 1 -  



Sect. C a r d  Cols. Name 

~ 4 cont .  31-35 KSDRGV 

36-40 KSMNOB 

41-45 KRF 

l 46-50 KEXLPS 

I 5 1 2-5 MAXSTA 
2 2-5 K 

10-15 S T A M (  L) 
I 20-30 TYPE(L) 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1.2 

13 

1-24 STALT 
25-48 STALN 
49-72 STAHT 
1-36 RRATE 
37-72 RRATE 
1-36 RRATE 
37-72 RRATE 
1-18 
19-36 
37-54 
5 5-72 
1-18 
19-36 
1-24 
25-48 
49-72 
1-24 
25-48 
49-72 

25-48 
49-72 

25-48 
49-72 
1-24 
25-48 
49-72 
1-24 
25-48 

1-24 

1-24 

TDELAY ( 1, L) 
TDELAY (2, L) 
TDELAY ( 3, L) 
TDEL AY ( 4, L ) 
F W K )  
FDOUN( K) 
STAOR ( NCDST+~) 
STAOR ( NCDST+2 
STAOR( NCDST+3) 
STAOR ( I'CDST+4) 
STAOR ( E D S T +  5) 
STAOR( NCDST+6) 
STAOR( E D S T + 7 )  
STAOR( NCDST+8) 
STAOR( E D S T + 9 )  
STAOR ( KDST+~O) 
STAOR( KDST+U) 
STAOR( NCDST+12) 
STAOR ( NC DST+13) 
STAOR ( NCDST+L$) 
STAOR ( NCDST+15 ) 
STAOR( K D S T + 1 6 )  
STAOR ( N C D S W 1 7 )  

m?!2 
1 5  

I 5  

1 5  

15 

I 5  
I5 
A 6  

4x111 

D 2 4 . 1 6  
D 2 4 . 1 6  
D 2 4 . 1 6  
D 3 6 . 1 6  
L 36 .16 
D 3 6 . 1 6  
D 3 6 . 1 6  

E18.8 1 
E18.8 ( 
E18.8- 
E18.8 
E18.8 
D 2 4 . 1 6  
D2L. 16 
024 . 16 
D2L. 16 

D e s c r i D t i o n  

INDICATOR FOR INCLUSION OF VENUS 
DRAG PERTURBATION 
=O NO 
=1 YES 
INDICATOR FOR INCLUSION OF MOON 
OBLATENESS PERTURBATION 
=O NO 
=1 YES 
INDICATOR FOR INCLUSION OF 
REFRACTION EFFECTS 
=O NO 
=1 YES 
INDICATOR FOR INCLUSION O F  KLIPSE 
I N F O  P R I N T  
=O NO 
=1 YES 
TOTAL NlJNBER OF STATIONS USED I N  RUN 
STATION NUMBER 
STATION NAME 
A (  1)+1 .=*A( 2)+1 .E4*A( 3 ) + l . E 6 * A (  4)+  
l.E8*K W H E R E  
A=OBSERVATION TYPES USED BY 

G-PACKED STATION NUMBER 
LATITUDE O F  STATION K 

ALTITUDE O F  STATION K 
! R E P E T I T I O N  RATES (FIRS) 
FOR EACH OBSERVATION 
TYPE 

STATION K I N  ASCENDING ORDER 

LONGITUDE OF STATION K 

TIMES I N  HRS BEFORE WHICH 
EACH OBSERVATION IS NOT 
TO BE COMPUTED 

STA. TRANSMIT FREQ. (MC/S) 
STA. RECEIVE FIG&). (MC/S) 
GEE STA. ROTATION ANGLE \ /\EV STA. ROTATION ANGLE 

(..\EN STA. ROTATION ANGLE 
W STATION LOCATION 

D 2 4 . 1 6  - 
D Z 4 . 1 6  
D 2 4 . 1 6  
D 2 4 . 1 6  

D 2 4 . 1 6  
D 2 4 . 1 6  
D Z 4 . 1 6  
024.16 
D 2 4 . 1 6  
D 2 4 . 1 6  
D 2 4 . 1 6  
D2L. 16 

~24.16  

V M O R S  CAUSED BY 
W GEODETIC NET ERROR 

NO REFRACTIVITY AT STA. 
H TROPOSPHERE SCALE FACT 
P O  MAX. ELECTRON DENSITY 
HD LOWER LIMIT OF IONO- 
HM HT O F  P O  (KM) 

-OPEN- 
Ar FOR TIMING 
BIAS ADDED FOR OBSER.A( l )  
B I A S  ADDED FOR OBSER.A(Z) 
BIAS ADDED FOR OBSER. A( 3) 
B U S  ADDED FOR OBSW.A(L) 

REPEAT CARDS 2-13 FOR EACH STATION 
-12- 



6 1 

7 1 

2 
3 
4 

5 
6 
7 
8 
9 

10 
11 

8 1 

2 

9 1 

2 
3 
L 

1-18 DAREAS 118.8 

19-36 PAREAS E18.8 

37-54 SPADD( 6) E18.8 
2-5 MAXLUN 15 
6-10 IPLNT 15 

11-15 ISTAR 1 5  

1-72 
1-72 
1-72 

1-72 
1-72 
1-72 
1-72 
1-72 

1-72 
1-72 
2 -5 
6-55 

STAR (1,i-4) 4E18.8 
STAR(1,5-8) 4318.8 
STAR(1,9-10) U18.8 
STAR ( 2,1-2) 
STAR( 2,3-6) 4E18.8 
STAR(2,7-10) u18.8 
POSLUN( 1,1-4) 4E18.8 

POSLUN( 1,9-10)4318.8 
POSLUN(2,l-2) 4E18.8 
POSLUN( 2,3-6) 4318.8 
POSLUN(2,7-10)@18.8 

POSLUN( 1,5-8) 4E18.8 

IUNIT I5 
IPSEC(1) ,I=1,10 1015 

1-18 DTPI E18.8 
19-36 DTSUP E18.8 

37-54 PRATE E18.8 
2-5 NPFSET . I 5  

1-72 PFPAR(I,1-3) 3D24.12 
1-72 PFPAR( I ,4-6) 3D24.12 

Description 

EFFECTI'JE SURFACE AREA OF 
VEiaCLE PERTAINING TO DRAG 
EFFECTIVE SURFACE AREA PERTAINING 
TO RADIATION PRESSURE 
MASS OF VEHICLE 
MAXIMUM NUMBER OF LUNAR LANDMARKS 
NUMBER OF PLANET TO BE USED FOR 
CALCULATING ONBOARD OBSERVATIONS 
NUMBER OF STAR TO BE USED FOR 
CALCULATING ONBOARD OBSERVATIONS 
TABLES NEEDED BY ONBOARD SUBROUTINE 

F9SITIONS OF REFERENCE STkiiS 
' AND LN'DMMKS. STAR(1,I) AND STAR 

( 2 , l )  AilE DECLINATION AND RIGHT 
I ASCENSlCN RESPECTIVELY, OF THE I T H  ' STAR. POSLUN(1,I) AND POSLUN(2,I) 1 ARE LATITIJCE AID LONGITUDE, RESPECT- 
I IVELY, GF TiiE 3'I'i.l LANDKARK IN THE 
1 LUNAR COrlROI NATE, SYSTEP:. 

INDICATOR FOR OUTPUT UNITS(SEE KLM) 
INDICATORS FOR SUPPRESSION OF EACH 
OF 10 PRINT SECTIONS 
PRINT PORTION (HRS) AND 
SUPPRESS PORTION (HRS), OF TOTAL 
PRINT PERIOD 
INTERVAL WITHIN DTPI AT WHICH TO PIL.lNT 
NUMBER OF POWERED FLIGHT SETS 
(UP TO 3) 
TIME START, TIME END, FX 
FY, FZ, MASS. 

1-72 PFPAFt(I;7-9) 3D2L.12 MGS RATE. T-INTEG, A-PNT 

r 

REPEAT CARDS 2-4 FOR'EACH I WHERE ~ = i ,  NPFSET 

10 END OF FIRST SET OF INPUTS 

PROGRAM ADVANCES TO 2ND GROUP OF INPUTS. IF  KSTDRD I S  NEGATIVE, STANDARD 
VALUES ARE COMPUTED AND PROGRAM =INS TO READ I N  2ND SET OF INPUTS TO CHANGE 
OR AUGMENT ANY OF THESE STANDARDS. 
I N ,  ELSE VALUES FROM PREVIOUS STACKED CASE ARE USED. 

I F  KSTDRD NOT NEGATIVE, ALL VALUES ARE READ 

1 1 ~ 7  1-72 (DT3(I,J) ,  3D24.12 INTECRATION INTERVALS FOR EACH OF 7 
1=1 ,3) J=1,7 WORKING BODIES FOR NEAR, MEDl'JM AND , 

OF 7 WORKING 
2 1 1-72 Rl(1-3) 3D24.12 

1-72 R1(7), R2(1-2) FROM 

2D24.12 

2 1-72 Rl(4-6) 
3 
4 1-72 R2(3-5) 
5 1-48 R2(6-7) 

-13- I 



Sect. 

3. 

‘4 

5 

6 

7 

8 
9 

10 

11 
12 

13 

14 

15 

16 

C a r d  C o l s ,  N a m e  2aX D e s c r i D t i o n  

1 1-24 RT1  VALUES USED A S  TOLERANCES I N  
25-48 RT2 D24*12’1 D24 .12-  i. R E C T I F I C A T I O N  C R I T E R l  A 

1 1-18 DKL E18.8 TROPOSPHERE INTEZRATION STEP 
SIZE (KM) 

19-36 DH2 E18.8 IONOSPHERE INTEGFL1T3.0N STEP SIZE (KM) 
37-54 H2 E18.8 UPPER L I M I T  TROPOSPHERE (KM) 
55-72 Hd E18.8 UPPER LIMIT IONOSPHERE (KM) 

1 2-5 KOEILAT I5 NUMBER O F  OBLATENESS COEFFS 
2 2-5 M 15 M INDEX 

6-10 N I 5  N INDEX 
11-15 I S O R C  I5 ’ INDICATOR FOR C OR S COEFF. 

‘=O s 
i 1 =1 c 

3 1-24 SORCCF D 2 4 . 1 2  VALUE O F  C O E F F I C I E N T  
REPEAT CARDS 2-3 UNTIL KOBLAT VALUES HAVE BEEN READ IN. 

1 2-5 M W  15 NUMBER O F  WORKING BODIES 
6 KWrn(I> 9 +s- I N D I C E S  O F  WORKING BODIES 

I=l ,MMAX(EPl.Y) * c 

R -  s 
2 1-72 T P M A T 8 ( 1 ) ,  3 D 2 4 . 1 2  GRAVITATIONAL CONSTANTS O F  WORKING 

I=1 , M W  BOD1 Es 
REPEAT CARD 2 FOR EACH VALUE OVER 3 N  NEEDED 

1 1-21, D Y N ( 4 8 )  D 2 4 . 1 2  
25-48 DYN(49)  D 2 4 . 1 2  

1 1-72 DYN( 51-53) 3 D 2 4 . 1 2  

1 1-72 i’RNT3( 1-3) 3 D 2 4 . 1 2  
1 1-24 COMB(I) ~ 2 4 . 1 2  

1 1-24 EMIN 
1 1-18 RTO 

1 1-24 D S P L  

1 1-72 RATEV(1-3  

‘~24 .12  
E18.8 

D 2 4 . 1 2  

1) 3 D 2 4 . 1 2  

1-10 1-72 XMACH(I), 4E18.8 
1=1,40 

11-20 1-72 C D T ( 1 )  , 4318.8 
I=1,40 

1 1-20 S P A D D ( 7 )  E20.8 

21-25 I X A D D ( 1 5 )  I5 

SOLAR n u x  
C‘i’LN 
COEFFS.  FOR LUNAR OBLATENESS 
VELOCITY O F  L I G H T  
P R I N T  INTmVALS( HRS) FOR NEAR 
MEDIUM AND FAR REFERENCE 
MINIMUM VALUE OF ELEVATION ANGLE(RAD) 
RATIO OF NORDSIEEK INTEGRATION 

S P E C I A L  lNTEGRATION INTERVAL I N  A4 
MODE TO OBTAIN A C Q U I S I T I O N  TIEC;E 

ROTATION VECTOR USED I N  MARS DRAG 
COMPUTATIONS 
ROTATION VECTOR USED I N  VENUS D U G  
COMPUTATIONS 
MACH NUMBER TABLE 

INTERVAL TO THAT I N  RUNGE-KUTTA 

(HW 

DRAG C O E F F I C I E N T  TABLE 

TOLERANCE FOR CONVERGENCE O F  NEWTON- 
RAPHSON SCHplE I N  OCCULTATION SUB- 
ROUTINE 

I T E R A T I O N S  I N  OCCULTATION SUBROUTINE 
MAXIMUM NUMBER O F  NEWTON-RAPHSON 



S e c t t  Cols, Name ms 
26-30 I X A D D ( 1 6 )  I 5  

31-35 I U D (  17) 1 5  
36-40 IXADD( 18) I 5  
41-45 IXADD(  20) 1 5  

17 OPEN 
18 OPEN 

OPEN . 
20 1’ END O F  2ND GROUP OF I N P U T S  

D e s c r i p t i o n  

FLAG F O R  OCCULTATION 
0, DO NOT CONSIDER 

=0, STAR OCCULTATION 
*; 0, NUMBER OF F I R S T  S T A T I O N  FOi 

V E H I C L E  OCCULTATION 
NUMBER O F  SECOND S T A T I O N  
NUMBER OF THIRD S T A T I O N  
NUMBER O F  S T A T I O N S  TO BE 
CONSIDERED 
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Card C o l s ,  

1 2- 5 

6-10 
* 

11-15 

16-20 

21-25 

26-30 

FIRST GROUP OF I N P U T S  

1 1 2-72 

6-10 
11-15 
16-20 
21-40 

2 2- 5 

3 1-24 
1 2-5 2 

- N a m e  2us D e s  c r i D  tion 

KSTDRD I5 a WILL WANT AT LEAST SOME STANDARD 

ALL VALUES WILL BE 
I N P U T S  . 
RFAD I N .  

=2 SIMULATED DATA 
=3 E m R  ANALYSIS 
=4 PRELIMINAIlY SCAN 
=5 PROPAGATION O F  ERRCRS 
=6 M I S S  C O E F F I C I E N T S  

=2 I N T E W D I A T E  P R E C I S I O N  LEVEL 
=3 HIGH P R E C I S I O N  LEVEL 

2 0  NO STANDARD. 

WiODE 15 =1 REAL DATA 

P R E C I S  F5.0 =1 LOW P R E C I S I O N  LEVEL 

C W I D  F5.0 =0,1 ENCKE INTEGRATION 

ISUMRY I 5  =O NO S W L A R Y  

I S T A T  I5  =O MINIMWL VARIANCE 

=-1 COWELL INTEGRATION 

=1 S W A R Y  

=1 LEAST SQUARES 

ITIT=( 1-12) 
NYEARP 
DAY 3 
HRS 
HMIN 
SFZ 
TMAX 
KIM 

6-10 K I N 1  

1 2 A 6  
I 5  
F5.0 
F5.0 
F5.0 
D 2 0 . 1 6  
D24.12 
I 5  

I 5  

TITLE 
YEAR CF LAUNCH 
DAY O F  LAUNCH YEAR 
HOUR OF LAUNCH DAY 
MINUTE OF LAUNCH HOUR 
SECONDS OF LAUNCH MINUTE 
T I M I  O F  RUN I N  HOURS 
INDICATOR FOR U N I T S  O F  P O S I T I O N  
AND VELOCITY VECTOR 
=1 KM, KM/SEC 
=2 ER, ER/HR 
=3 FT, FT/SEC 
=4 M I ,  MI/HR 
=5 NN, NM/HR 
=6 NM, FT/SEC 
=7 AU, AU/HR 

INDICATOR FOR COORDINATE SYSTEI.! O F  
I N P U T  VECTORS 
=1 CARTESIAN COORD. WEL-0 
=2 CARTES. COMPUTE WE 
=3  GEODETIC LQNC, U T ,  ALT 

=4 GEODETIC LQNG, U T ,  ALT 

=5 GEODETIC LONG, U T ,  ALT 

=6 GEODETIC LONG, LAT, ALT 

VE, VN, VH; WE =o 

VE, VN, VH; COMPUTE WE 

I V l , x  AZ; WE =O 

I V ( , x A Z ;  COMPUTE WE 
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I Sect, bzd cols, Name 

11-15 K I M 2  

16-20 ' KSNAP 

21-25 KLM3 

26-30 K L I  BR 

31-35 MRREF 

2 1-24 RCIN (1) 
25-L8 (2) 
49-79 (3)  

25-L8 - (2) 
49-72 ( 3 )  

3 1-24 RDCIN (1) 

1 2- 5 I QZERO 

6-10 P A S F X  
11-15 P A S S 2  
16-39 TMAx2 

1 2- 5 KS2BY 

6-10 K S P L T  

~24 .16  -' 
~24.16  I D 2 4 . 1 6  . _ I  I 

D 2 4 . 1 6  
I 5  

F5.0 
F5.0 
D 2 4 . 1 6  
I 5  

I5 

D e s c r i D t i o n  

=7 GEOCENTRIC RA, DECL,  AL? 

=8 GEOCENTRIC RA, DECL,  hLT 
VRA, VD ,vH; wE=o 

VRA,VD , VH; COMPUTE WE 
=9 GEOCENTRIC RA, DECL, ALT 

IVl , X A Z ;  WE0 

IVl yry AZ; C W U T E  WE 
=10 GEOCENTRIC RA, DECL,  A L T  

INDICATOR FOR NUTATION AND PRE- 
C E S S I O N  O F  I N P U T  VECTOR 
=O NO 
=1 Y E S  

INDICATOR FOR NUTATION.AND PRE- 
C E S S I O N  O F  VECTORS DURING RUN 

=O NO 
=1 Y E S  

INDICATOR FOR LIBRATION O F  I N P U T  
VECTORS 

=O NO 
=1 Y E S  

I N D I C A T G R  F O R  LIBRATION O F  VECTORS 
DURING RUN 

=O NO 
=1 Y E S  

INDICATOR FOR I N I T I A L  REFERENCE 
BODY 
=1 EARTH 
=2 SUN 
=3 MOON 
=4 MARS 
= 5  VENUS 
=6 J U P I T E R  
=7 SATURN 

(VALUES DEPEND ON K L M l  AND 
I N I T I A L  P O S I T I O N  VECTOR 

K I A  ) 
I N I T I A L  VELOCITY VECTOR 

(VALUES DEPEND ON KLMl  AND 

r 
1 K L w  

=O U S E  I N P U T  Q MATRIX 
=1 U S E  GROWN Q MATRIX 
TOTAL NUMBER O F  P A S S E S  (1) 
TOTAL NUMBER OF P A S S E S  (2)  
T I M E  O F  RUN F O R  ZND GROUP 

ONLY 
I N D I C A T O R  FOR TWO-BODY 

=O NO 
=1 Y E S  

I N D I C A T O R  FOR INCLLSIO!* OF 
PLANETARY PERTURBATIONS 
=O NO 
=1 YES 



C o l s , N a m e  

11-15 KSOBL INDICATOR FOR INCLUSION OF 
OBUTENESS PERTURBATION 
=O NO 
=1 YES 

INDICATOR FDR INCLUSION OF EARTH 
DRAG PERTURBATION 
=O NO 
=1 YES 

INDICATOR FOR INCLUSION OF RADIA- 
T I O N  PRESSURE PERTURBATION 
=O NO 
=1 Y E S  

INDICATOR FOR INCLUSION OF MARS 
DRAG PERTURBATION 
=O NO 
=1 YES 

INDICATOR FOR INCLUSION OF VENUS 
DRAG PERTURBATION 
=O NO 
=1 YES 

INDICATOR FOR INCLUSION OF MOON 
OBLATENESS PERTURBATION 
=O NO 
=1 YES 

INDICATOR FOR INCLUSION OF REFRAC- 
T I O N  EFFECTS 
=O NO 
=1 YES 

INDICATOR FQR INCLUSION OF E C L I P S E  
I N F O  PRINT 
=O NO 
=1 YES 

INDICATOR FOR INCLUSION OF TIME 
CORRECTION 
=O NO 
=1 YES 

=o iu'c 
=1 YES 

INDICATOR FOR DATA REJECTION 

TOTAL NUMBER OF STATIONS USED I N  
RUN 
STATION WiBER 
STATION NgME 
A ( 1) fl . E2*A ( 2) r(l.E4*A ( 3 If 
l .E6*A(4)f l .EB*K WHERE 

A= OBSERVATION TYPES USED BY 
STATION K I N  ASCENDING ORDER 

LATITUDE OF STATION K 
LONGITUDE OF STATION K 
ALTITUDE OF STATION K 
ALL OBSERVATIGN TYPES THE STATION 
CAN MEASURE (SAME FORMAT AS TYPE ( K )  

16-20 KSDRC I5  

21-25 KSR4P I 5  

26-30 KbSDRGM I 5  

31-35 KSDRGV I 5  

36-40 KSMNOB I 5  

a -45  KRF I 5  

Ab-50 KECLPS I 5  

51-55 KTC I 5  

56-60 IRDATA I5  

5 1 2-5 P I T A  I 5  

2 2-5 K 
10-15 STANM(K) 
20-30 r n E ( I 0  

I 5  
-6 
4x111 

3 1-24 STALT ( K )  
STALN ( K) 

49-72 25-bs S T m T ( K )  
5-15 STATYP(K) 

D 2 4 . 1 6  
024.16 
024.16 
4x111 4 
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Sect. 
I 

I 

I 

I 

6 

7 

C a r d  

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1 5  

16 

1 

1 

2 
3 
4 

5 
6 
7 
8 
9 

cols. 
1-18 
19-36 
37-54 
55-72 
1-18 
19-36 
1-24 
2 5 4  
49-72 
1-24 
25-48 
49-72 
1-24 
25-48 
49-72 
1-24 
25-48 
49-72 

25-48 
49-72 

2 5-48 

1-24 

1-24 

1-72 

1-72 

1-72 

1-72 

_Name 

TDELAY ( 1, K )  
TDELAY ( 2 , K )  
TDELAY (3  , K )  
TDELAY ( 4 , K )  
FUP(I0 
FDOWN ( K )  
STAOR( N C D S T ~ ~  ) 
STAOR( N C D S T j 2 )  
STAOR(NCDST+3) 
STAO R ( NCDSTf4)  
STAOR( NCDSTf5)  
STAG R ( N CDSTf6  ) 
STAO R ( NCD STf7 ) 

STAO R ( N C D S T i 9  ) 

STAGR( N C D S T i 1 1 )  
STAOR( NCDSTf12)  
S TAU R ( N C D S T i  13 ) 
STAOR( N C D S T i 1 4 )  
STAOR( NCDSTf15)  
STAO R ( N C D S T i 1 6  ) 
STAOR( N C D S T i 1 7 )  

STAGR( NCDST@ ) 

STAOR( NCDST+~O) 

T E B A R ( ~ ,  J,K), 
J=1,4 

J=1,4 

J=1,4 

T E B A R ( 2 ,  J , K ) ,  

T E B A R ( 3 ,  J , K )  , 
T E W R ( 4 ,  J,K) , 
~ = 1 , 4  

2YE2 

E18.8 
E18.8 

E18.8 
818.8 

DescriDtion 

T I Y E 3  I N  H E ,  BEFORE WHICH 
EACH OBSERVATION IS NOT 
TO BE COMPUTED. 

STA . TRANSMIT. FREQ. (MC/?) 
STA. RECEIVZ FREQ. ( P C / S )  

D 2 4 . 1 6  c, EE’ \ S T A  . ROTATION ANGLE 
D 2 L . 1 6  . A E V ;  STA.  ROTATION ANGLE 
D 2 4 . 1 6  
D 2 4 . 1 6  - 
D 2 4 . 1 6  
D 2 4 . 1 6  
D 2 4 . 1 6  
D 2 4 . 1 6  
D 2 4 . 1 6  
D 2 4 . 1 6  
D 2 4 . 1 6  
D 2 4 . 1 6  
D 2 4 . 1 6  ’ 

D 2 4 . 1 6  
D 2 4 . 1 6  
D 2 4 . 1 6  
D 2 4 . 1 6  
4E18.87. 

LJ18.8 i 
4E18*8 I 
018.8) 

REPEAT CAHDS 2-16 FOR EACH S T A T I O N  

1-18 

19-36 

37-54 
2- 5 
6-10 

11-15 

1-72 
1-72 
1-72 

1-72 
1-72 
1-72 
1-72 
1-72 

DAREAS E18 .8 

PAREAS E18.8 

SPADD (6) E18.8 
MAXLUN I 5  
I P L N T  I 5  

I S T A R  I 5  

 STAR(^, 1-4) 
STAR( i,5-8 ) 
S T A R ( 1 , 9 - 1 0 ) ,  

S T A R (  2,l-2) 
S T A R (  2,3-6) 
S T A R (  2,7-10) 
POSLUN (1,l-4) 
POSLUN (1,543) 

P O S L U N ( 2 , 1 - 2 )  
POSLUN ( 1 , 9-10) , 

4E18.8 
U18.8 
a18 .E3 

a18 .8 
4E18.8 
4318.8 
4E18.8 
4E18.8 

\ 4 i N  STA.  ROTATION ANGLE 
U STATION LOCATION 
‘ V  h;HRcR; C A U L D  BY 

NO REFRACTIVITY AT STA.  
H TROPOSPHERE S C A L h  FACT 
P O  MAX, ELECTRON D E N S I T Y  
HO LOWER L I M I T  O F  IONCSFBAE&(I”*I) 
“4 HT O F  P O  ( K M )  

r \ T  F O R  T I M I N G  
B I A S  ADDED E R  O B S E R . A ( l )  
B I A S  ADDED F O R  O B S E R . A ( 2 )  
B I A S  ADDED FOR O B S E R . A ( 3 )  
B I A S  ADDED FOR OBSER.A(I , )  

/COVARIANCE MATRIX 

1- FOR STATION K 

d GEODETIC NET EIiROH 

-OPEN- 

E F F E C T I V E  SURFACE AREA O F  V E H I C L E  
P E R T A I N I N G  TO DRAG 
E F F E C T I V E  SURFACE AREA P E R T A I N I N G  
TO RADIATION PRESSURE 
MASS OF V E H I C L E  
MAXIMUM NUMBER O F  LUNAR LANDMARKS 
NUMBER OF PLANET TO BE USED FOR 
CALCULATING ONBOARD OBSERVATIONS . 
NUMBER O F  S T A R  T O  BE USED FOR 
CALCULATING ONBOARD OBSERVATIONS 

SUBROUTINE G I V I N G  P O S I T I O N S  O F  
REFERENCE S T A R S  AND LANDNAAS. 
STAR(1,I) AND STAR(2,I) ARE DE- 
C L I N A T I O N  AND R I G H T  ASCENSION,  
R E S P E C T I V E L Y ,  OF THE I T H  STAR.  
POSLUN (1,I) AND POSLUN ( 2 , I )  ARE 
L A T I T U D E  AND LONGITUDE, R E S P E C T I V E L Y ,  
OF T H E  LANDMARK I N  THE LUNAR C O O L  
D I N A T E  SYSTW. 

TABLES NEEDED BY ON-BOARD 



sect  & 

8 

9 

10 

11 

1 2  

- 13 
14 
15 
16 
17 
18 

rn 
10 
11 
1 

2 

3 
1 

2 
3 
4 

1 
2 

3 

1 

2 

3 
4 
1 

2-13 

Description Cols Name m 
1-72 
1-72 
2-5 

6-10 

11-60 

1-18 
19-36 

37-54 

1-24 
2-5 

1-72 
1-72 
1-72 

POSLUN ( 2,3-6) 
POSLUN (2,7-10) 
IUNIT 

KOP T 

IPSEC( I ) ,  I= 
1,lO 

DTPI 
DTSUP 

PRATE 

D TP 
NPFSET 

PFPAR(I,l-3) 
PFPAR(I,4-6) 
PFPAR( I, 7-9) 

4E18.8 
4E18.8 
I 5  

I5  

101 5 

E1.B .8 
E18.8 

~ 1 8  .pi 

224.12 
1 5  

W24.12 
3D24.12 
3D24.12 

INDICATOR FDR OUTPUT UNITS (SEE 

INDICATOR OF DESIRED OPTION OF 

TICS 
INDICATORS FOR SUPPRESSION OF U C H  
OF 10 PRINT SECTIONS 

SUE'f.'Hi;j2 PORTION (HFS) Or' TOTAL 
PRINT PORTION ( H E )  OF 

PRINT PdRIOD 
INDIC,.TCH h'GR U . X  0," ;-EX Vi: Pi<L!di 

i N C w d  :AT YLR I'ttTiJ'i' T I I v h  
f l m m i  CF P C L ! I ~ D  iT,ICiiT :.rAl'.i ( c,' 
'Tc 3) 

kY, FX, EA;;.; 

K W  
KSECPR ARRAY FOR PRINTING STATIS- 

3 
~i!,hI0Il 

TLIii, ,3TkhT, TIhh U J L ) ,  YX 

KkSS U T E  ,AT-INTLG ,&PNT 

REPEAT CARDS 2-4 FOR EACH I IJHERE ~ = i ,  NPFSET 

2-5 MAXSTA I5 NUMEUR OF STATIONS USED 
2-5 KSTA I 5  STATION NWiBER 
6-25 KK(1) ,1=1,4 4I5 FREQUENCY OF ACCEPTANCE OF DATA 

1-72 EBFMLT(J,KSTA), l ~ i e . 8  ARRAY OF EBAR YATRIX IXJLTII'LIERS 
TYPES 

J=1,4 

REPEAT CARDS 2-3 FCH EACH STATION 

1-5 NOFT I 5  NWiBEK OF TDIG THROUGH &YES FGR 

6-10 YXPASS I 5  IUXINUl; VALUE OF PASS COUNTER 
1-24 TOLsQ D24.16 SQUARE OF TOLEWqCE FOR CONVERGENCE 
2 5 4  TPREWi D24.16 MAX. TIPX OF PRELIMNARY BATCH 
1-72 TSPAN (1-3) 924.163 STUilE SPAN OF EACH BATCH 
1-72 TSPAN (4-6) 3D24.16J C 
2- 5 IPMAT I 5  INDICATGR FOR MATRIX INPUT 

=O P M T R I X  TO BE READ I N  
=1 Q PiTRIX TO BE FWD I N  

CONVERGENCE 

1-72 (QSAVE(I,J),J= 3D24.12 P OR Q MATRIX DEPENDING GN IPMAT 
1,6) ,I=1,6) 

-OPEN- 
-OPEN- 
-OPEN- 
-OPEN- 
-OPE% 
-OPEN- 

-20- 
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C a r d  cols, - N a m e  TvDe DescriDtion 2f?Ct ,  - 
-OPEN- 

END O F  FIRST SET O F  I N P U T S  

PROGRAM ADVANCES T O  2ND GADUP O F  INPUTS.  

l9 . 
20 

IF KSTDRD IS NEGATIVE, STANDARD V A L U E  
ARE COMPUTED AND PwX;RAM BEGINS TO READ I N  2ND SET OF I N P U T S  TO CHANGE OR AUWENT ANY O F  
THESE STANDANIS. IF  KSTDRD NOT NEGATIVE, ALL VALUES ARE F U D  IN, ELSE VALUES FRDN PREVIOUS 

- STACKED CASE ARE USED. 

1 1-7 

2 1 
2 
3 
4 
5 

3 1 

4 1 

c, 1 
2 

3 

1-72 

1-72 
1-72 
1-72 
1-72 
1-48 
1-24 
25-48 
1-18 

19-36 

3 7- 54 
55-72 
2-5 
2-5 
6-10 
1.1-15 

1-21, 

D H 2  

H 2  
€14 
KOBLAT 
F: 
IU 
ISUl iC  

SORCCF 

3 D 2 4 . 1 2  

3024.12 
3 D 2 4 . 1 2  
3D24.12 
924.12  \ 

D 2 4 . 1 2 '  
024.12 
E18.8 - 

2 D 2 4 .  121 

E18.8 

E18.8 
U8.8 
I 5  
15 
1 5  
1 5  

D 2 4 . 1 2  

INTEGRATION INTERVALS FCIR EACH OF 
7 WORKING BODIES F O R  NEAR, MEDIUM 
AND FAR REFERENCE 

( R l  and R 2  ARE DISTANCES I N  
E.R. FOR EACH O F  7 iORKING I BODIES FClR SWITCHING FROK 
NEAR n; ~ m x m  AND M E D I ~  TO 
FAR INTEGRATION INTERVALS. 

,VALUES USED A S  TOLERANCES I N  
 RECTIFICATION CRITERIA 

TROPOSPHERE INTEGRATIGN STEP 

IONOSPHERE INTECRATIGN S T E P  

UPPER L I N T  TROPOSPHERE( KK) 
U P H B  L I L i T  IONOSPHEFC(KI4) 
NUkBER OF OBLATENESS COiiFSS. 
K INDEX 
N INDEX 
INDICATCR FOR C OR S CCiG'i'. 
10 2 
=1 c 
VALUa CY C G L F F I C I E N T  

SIZE (KM) 

SIZE (KM) 

REPEAT CARDS 2-3 UNTIL KOBLAT VALUZS HAVE BEEN READ IN. 

6 1 2- 5 MBU I 5  NUMBER O F  WORKING BODIES 
6- K b J B I U ( 1 )  ,I=l, I N D I C E S  O F  WORKING BODIES 

K B i A X   HA:; *I 5 
2 1-72 TPMAT8(1)  ,I=l, 3 D 2 4 . 1 2  GRAVITATIONAL CONSTANTS CF W L M I N G  

M 4 i A X  & D I U  

7 1 1-21 D Y N ( 4 8 )  D 2 4 . 1 2  SOLHR FLUX 
2 5 4  DYN (49) D 2 4 . 1 2  0rm 

- 8  1 1-72 DYN (51-53 3024.12 COEFFS.  FOR LUNAR OBLiTENESS 
9 1 1-24 COMB(1) D 2 4 . 1 2  V E I L C I T Y  O F  LIGHT 

10 1 1-72 PEUJT3 (1-3 924.12 P R I N T  INTERVALS (HRS)  FOR NEAR 
MEDIUM AND FAR REFERENCE 

- 11 1 1-24 EMIN D 2 4 . 1 2  MINIMUM ELEVATION A N G U  (RAD) 
12 1 1-18 RTO E18.8 RATIO OF NORDSIECK INTEGRATION 

INTERVAL TO THAT I N  RUNGE-KUTTA 

-21- 



Sect. 

13 

1 4  

15 

16 

17 

18 
19 
20 

-OPEN- 

1 1-72 RATEV (1-331) 

2 1-72 RATEV (1-3,2) 

1-10 1-72 XMACH(1) ,I=1,40 
11-20 1-72 CDT(1) , I= l ,40  

1 1-72 DEIX(1) ,I=1,3 
2 1-72 DELX(I) ,I=4,6 
1 1-18 , REJCTl  

19-36 REJCT2 

-OPEN- 
-OPEN- 

END OF 2ND GROUP OF INPUTS 

3D24.12 ROTATION VECTOR USED I N  MARS 
DRAG COMPUTATIONS 

3D24.12 ROTATION VECTOR USED I N  VdUS 
DRAG COMPUTATIONS 

4E18.8 MACH NWiBEXt TABLE 
4E18.8 DRAG COEFFICIENT TABLE 

ARRAY OF CGRRECTIONS To THE 
STATE VARIABLES 
NUMBER OF STANDARD DEVIATIONS 
ABOVE WHICH DATA ARE REJECTED ON 

SPECTIVELY 

E18.8 
FIRST AND SUESEQUENT PASSES, RE- 

-22- 
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Sect.. __I C a r d  C o l s ,  

1 2-5 

6-10 

11-15 

16-20 

21-25 

26-30 

FJRST G R O U P  OF I N P U T S  

1 1 2-72 

2 2 -5 

6-10 

11-15 

16-20 

21-40 

3 1-24 

2 1 2-5 

_I__ N a m e  T_yoe 

KSTD RD I5 

I MODE 15 

P R E C I S  F5 .0  

C E P T D  F5 .0  

I S U M R Y  15 

I S T A T  I5 

I T T T I E ( 1 - 1 2 )  1 2 A 6  

N Y E A R P  15 

D A Y S  F5.0 

H R S  FS. 0 

H M I N  F 5 . 0  

SEC D 2 0 . 1 6  

T M A X  D 2 4 . 1 2  

K L M  15 

Description 

‘0 W I I I  W A N T  A T  I E A S T  S O M E  

2-0 N O  S T A N D A R D .  A L L  V A L U E S  
S T A K D A R D  I N P U T S  

W I I L  BE R E A n  I N .  

=1 R E A L  D A T A  ’ 

=2 S T M U I A T E D  D A T A  
=3  E R R O R  A N A I Y S I S  
=4  P R E L I M I N A R Y  S C A N  
=5 P R O P A G A T I O N  OF E R R O R S  
=6 M I S S  C O E F F I C I E N T S  

=1 LOW P R E C I S I O N  L E V E L .  
=2  I N T E R M E D I A T E  P R E C I S I O N  L E V E L  
= 3  H I G H  P R E C I S I O N  L E V E L  

= O , l  E N C K E  I N T E G R A T I O N  
=-1 C O W E I  L I N T E G R A T I O N  

=O N O  S U M M A R Y  
=1 S U M M A R Y  

= O  M I N I M U M  V A R I A N C E  
=1 L E A S T  S Q U A R E S  

T I T I  E 

Y E A R  O F  I A U N C H  

D A Y  O F  L A U N C H  Y E A R  

H O U R  O F  I A U N C H  D A Y  

M I N U T E  O F  L A U N C H  H O U R  

S E C O N D S  O F  L A U N C H  M I N U T E  

TIME O F  R U N  I N  H O U R S  

I N D I C A T O R  F O R  U N I T S  O F  
P O S I T I O N  A N D  V E L O C I T Y  V E C T O R  

= 2  E R ,  E R / H R  
-1 K M , K M / S E C  

= 3  FT,FT/SEC 
=4 M I , M I / H R  
~5 N M , N M / H R  

= 7  A I J , A I J / I ! R  
=6 N M , F T / S E C  

-23- 



2,9 C o n t ’ d  

S e c t .  Card 
6-10 

Nam_a 3lrac 
KI M 1  I5 

11-15 KI M2 

16-20 K S N A P  

21-25 KL M3 

26-30 K L I B R  

31-35 M R R E F  

I5 

I5 

15 

I5 

15 

M a c r i  Dt i on 

I N D I C A T O R  F O R  C O O R D I N A T E  
S Y S T E M  O F  I N P U T  V E C T O R S  
= 1  C A R T E S I A N  C O O R D .  W E = O  * 

=2 C A R T E S .  C O M P U T E  WE 
= 3  G E O D E T I C  L O N G  LAT ALT 

V E , V N , V H :  WE =O 
= 4  G E O D E T I C  L O N G  , [ . A T ,  A 1 . T  

V E , V N , V H ;  C O M P U T E  WE 
= 5  G E O D E T I C  I O N G , [ . A T , A L T  

[Vi , 3 ” , A Z ;  W E = O  . 
=6 G E O D E T I C  I O N G , L A T , A L T  

IVi ,>:AZ: C O M P U T E  WE 
=7 G E O C E N T R I C  R A  , D E C L .  , A [  T 

V R A , V D , V H ;  W E = O  
=8  G E O C E N T R I C  R A , D E C I  , A L T  

V R A , V D ,  V H :  C O M P U T E  WE 
=9 G E O C E N T R I C  R A  , D E C I  , A I  T 

=lo G E O C E N T R I C  R A , D E C L , A L  
!V! , t ) - ,  A Z  : W E = O  

kl , ; f , A Z :  C O M P U T E  WE 
I N D I C A T O R  F O R  N U T A T I O N  A N D  
P R E C E S S I O N  O F  I N P U T  V E C T O R  
= O  N O  
= 1  Y E S  

I N D I C A T O R  F O R  N U T A T I O N  A N D  
P R E C E S S I O N  OF V E C T O R S  D U R I N G  
R UN 
= O  N O  
= 1  Y E S  

I N D I C A T O R  F O R  L I B R A T I O N  O F  
I N P U T  V E C T O R S  
= O  N O  
= 1  Y E S  

I N D I C A T O R  F O R  L I B R A T I O N  O F  
V E C T O R S  D U R I N G  R U N  
= O  N O  
= 1  Y E S  

I N D I C A T O R  F O R  I N I T I A L  
R E F E R E N C E  B O D Y  
= 1  E A R T H  
=2 S U N  
= 3  M O O N  
= 4  M A R S  
= 5  V E N U S  
= 6  J U P I T E R  
=7 S A T U R N  

-24- - 



- 2 . 3  C o n t  ' d  

S e c t .  C a r d  C o l s .  

2 1-24 

25-48  

49-79 

3 1-24 

25-48 

49-72 

3 1 2-5 

6-10 

11-15 

16-39 

4 1 2-5 

6-10 

11-15 

16-20 

21-25 

26-30 

N a m e  

R C I N ( 1 )  

( 2 )  

(3 )  

- 

R D C I N ( 1 )  

( 2  1 

( 3 )  

I Q Z E R O  

P A S F X  

P A S S 2  

T M A X 2  

K S 2 B  Y 

K S P L T  

K S  OB L. 

K S D R G  

K S R A P  

K S D R G M  

D e s c r  i D t  i o n  

024 .161  I I N I T I A L  P O S I T I O N  V E C T O R  

D 2 4 . 1 6 ;  ' ( V A L U E S  D E P E N D  O N  

D 2 4 . 1 6 )  L K L M l  A N D  K L M )  

D 2 4 . 1 6  ' ' I N I T I A I .  V E L O C I T Y  V E C T O R  

D 2 4 . 1 6  \ '  ( V A L U E S  D E P E N D  O N  

D 2 4 . 1 6 )  ' I  K I M 1  A N D  K L M )  

/ 

15 

F 5 . 0  

F 5 . 0  

D 2 4 . 1 6  

I5  

I 5  

rs 

15 

I5 

15 

= O  USE T N P U T  Q M A T R I X  
=1 U S E  GROWN Q M A T R I X  

T O T A L  N U M B E R  O F  P A S S E S  ( 1 )  

T O T A L  N U M B E R  O F  P A S S E S  ( 2 )  

TIME OF R U N  F O R  2 n d  G R O U P  

I N D I C A T O R  F O R  TWO-BODY ONL Y 
- 4  

, .  
-I . , 

= O  N O  
=1 Y E S  

I N D I C A T O R  F O R  I N C L U S I O N  O F  
P L A N E  T A R  Y P E R T U R B  A T  I O N S  
= O  N O  
= 1  Y E S  

I N D I C A T O R  F O R  I N C L U S I O N  OF 
O B I  A T E N E S S  P E R T U R B A T I O N  
=O N O  
= 1  Y E S  

I N D I C A T O R  F O R  1 N C L . U S I O N  OF 
E A R T H  D R A G  P E R T U R B A T I O N  
= O  N O  
=1 Y E S  

I N D I C A T O R  F O R  I N C L U S I O N  OF 
R A D I A T I O N  P R E S S U R E  P E R T U R B .  
= O  N O  
=1 Y E S  

I N D I C A T O R  F O R  I N C L U S I O N  OF 
M A R S  D R A G  P E R T U R B A T I O N  
=O N O  
=1 YES 



2.3 Cont'd 

S u L C a r d -  
31-35 

3 6 - 4 0  

4 1 - 4 5  

4 6 - 5 0  

5 1-55 

56-60 

5 1 2-5 

2 2-5 

10-15 

20-30 

3 1 - 2 4  

2 5 - 4 8  

4 9 - 7 2  

4 5 - 1 5  

blama Tvna bararFatian 
* 

KSDRGV rs INDICATOR FOR INCLUSION OF 
V E N U S  D R A G  PERTURBATION 
= O  N O  
= 1  YES 

KS MN OB 15 INDICATOR FOR I N C I U S I O N  OF 
MOON OBLATENESS PERTURBAT. 
= O  N O  
=1  YES 

K R  F I5  INDICATOR FOR INCLUSION OF 
REFRACTION EFFECTS . 
=O N O  
=1  YES 

KE CI, S 15 INDICATOR FOR INCLUSION OF 
E C L I P S E  INFO PRINT 
=O N O  
= 1  YES 

KT C I 5  INDICATOR FOR INCLUSION OF 
TIME CORRECTION 
= O  N O  
= 1  Y E S  

IRDATA I5 INDICATOR FOR DATA REJECTION 
=O N O  
-1 YES 

MAXSTA 15 TOTAl NUMBER OF STATIONS USED 
I N  R U N  

K I 5  STATION NUMBER 

STANM(K1 4XA6 STATION N A M E  

TYPE ( K )  4 x r i i  A(l)+l.E2+A(2)-bl.E4+A(3)+ 
1 . E 6 * A ( 4 ) + 1  . E 8 +  K WIIERE 
A =  OBSERVATION TYPES USED 

BY STATION K I N  ASCENDING 
ORDER 

STAL.T(K) D 2 4 . 1 6  LATITUDE OF STATION K 

STAL.N(K) D 2 4 . 1 6  LONGITUDE OF STATION K 

STAHT(K) 0 2 4 . 1 6  ALTITUDE OF STATION K 

STATYP(K) 4 x 1 1 1  ALL OBSERVATION TYPES THE 
STATTON C A N  MEASURE (SAME 
FClp\'?,'r AS TYPE (K) 

- 2 b -  



2 . 3  C o n t ' d  
i 
~ S e c t . .  Card  

5 

6 

7 

8 

9 

10 

1 1  

1 2  

13 

1 4  

15 
16 

C o l s .  

1-18 

19-36 

37-54 

55-72 

1-18 

19-36 

1-24 

25-48 

49-72 

1-24 

25-48 

49-72 

1-24 

25-48 

49-72 

1-24 

25-48  

49-72 

1-24 

25-48 

49-72 

1-24 

25-48 

1-72 

1-72 

1-72 
1-72 

Name 

TDEl A Y  ( 1  , K) 

TDEl A Y  ( 2 ,  K )  

TDELAY (3  , K )  

TDELAY ( 4  I K )  

FUP ( K )  

F D O W N ( K )  

STAOR (NCDST+l) 

STAOR (NCDSTU2) 

STAOR (NCDST*3) 

STAOR (NCDST+4 1 

STAOR (NCDST+S 

STAOR (NCDSTA6) 

STAOR (NCDST+7) 

STAOR (NCDST+8) 

STAOR (NCDST+9) 

STAOR (NCDST+10) 

STAOR (NCDST+ll) 

STAOR (NCDST+12) 

STAOR (NCDST+13) 

STAOR (NCDST+14) 

STAOR(NCDST+lS) 

STAOR(NCDST+16) 

STAOR (NCDST+17) 

- TJrDe D e  s c r i p t- 

E 1 8 . 8  ~ T T M E S  I N  H R S ,  
: BEFORE 

E 1 8 . 8  ! W H I C H  
i \ EACH 

1 OBSERVATION ' IS NOT 
E 1 8 . 8  - ,: 
E 1 8 . 8  STA. TRANSMTT. FREO. ( M G / S )  

TO BE COMPUTED 

E 1 8 . 8  STA. R E C E I V .  FREO. ( M C / S )  

D24.16  LEE STA. R O T A T I O N  A N G L E  

D24.16  . \EV STA. R O T A T I O N  A N G L E  

D24.16  _?,EN STA. ROTATION ANGLE 

D24 .16  A U  STATION L O C A T I O N  

D24.16  ! V CAUSED 
ERRORS 

BY 
D24.16  AW G E O D E T I C  NET E R R O R  

D24.16  N O  REFRACTIVITY AT STA. 

D24.16 H TROPOSPHERE SCALE FACT 

D24.16 PO M A X .  E1 E C T R O N  DENSITY 

D24.16 HO LOWER L I M I T  OF IONOSPHERE 

D24.16 HM HT OF PO (KM) 

D24.16  -0PEN- 

D24.16  A T  FOR T I M I N G  

D24.16  BIAS A D D E D  FOR OBSER.A(l1 

D24.16 BIAS A D D E D  FOR OBSER.A(2) 

D24.16 B I A S  ADDED FOR OBSER.A(3) 

D24.16 BIAS A D D E D  FOR OBSER.A(4) 

TEBAR ( 1 ,  J * K )  , J = 1 , 4  4E 18.8 O V A R I A N C E  M A T R I X  

T E B A R ( 3 , J , K ) , J t 1 , 4  4E18 .8  

T E B A R ( 2 , J , K ) , J = 1 , 4  4E18 .8  

TEBAR(4,J ,K) J = 1 , 4  4El8.8J i- K 
REPEAT C A R D S  2-16 FOR EACH STATION 
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2 . 3  C o n t ' d  

I 11-15 ISTAR I5 

C a r d  cols. - Name T_eee_ D e s c r i p t i o n  

6 1 1-18 DAREAS E 1 8 . 8  EFFECTIVE SURFACE AREA ' 
O F  VEHICLE PERTAINING 
TO D R A G  

19-36 PAREAS 

3 7 - 5 4  SPADD ( 6 )  

E 1 8 . 8  EFFECTIVE SURFACE AREA 
PERTAINING TO RADIATION 
PRESSURE 

E 1 8 . 8  MASS OF VEHICLE 

7 1 2-5 M A X [ . U N  15 M A X I M U M  NUMBER OF LUNAR 
LAND M A R  KS 

6-10 IPI .NT 1'5 NUMBER OF PLANET TO BE 
USED FOR CALCULATING 
ONBOA R D  OBSERVATIONS 

10 

11 

8 1 

1-72 

1-72 

1-72 

1-72 

1-72 

1 - 7 2  

1 - 7 2  

1 - 7 2  

1-72 

1-72 

2 - 5  

6-10 

NUMBER OF STAR TO BE USED 
FOR CALCULATING ONBOARD 
OBSERVATIONS 

S T A R ( 1  A - 4 )  4 E 1 8 . 8  ABLES NEEDED BY ON-BOARD 

S T A R ( 1 , 5 - 8 )  'I [OSITIONS 
S T A R ( 1 , 9 - 1 0 )  , 
S T A R ( 2 , 1 - 2 )  

S T A R ( 2 , 3 - 6 )  

4 E 1 8 . 8  I SUBROUTINE G T V I N ' G  

OF REr'EHkNCE STARS 
' A N D  I A N D M A R K S ,  STAP ( 1 , 1 )  
I4ND 

) A R E  
ISTAil ( 2 , T )  

i ( R I G I I T  A S C E N S I C N  
STAR ( 2  , 7-1 0) , DECI INATION A N D  

( O F  THE I t h  STAR 
P O S I  U N ( 1  , 1 - 4 )  4 ~ 1 8 . 8  lHESPECTTVFLY, 

P O S t . U N ( 1 , 5 - 8 )  4 E 1 8 . 8  \ P O S r U M  ( l , l )  A N D  DC)SIUN ( 2 , I )  

P O S L U N ( 1 , 9 - 1 0 )  , 
A R E  r A T J T I J D E  

I ' A N D  t ONGTTUDE 
p O S L U N ( 2 , 1 - 2 )  4 E 1 8 . 8  I ~ R E S P E C T T V E I Y ,  OF THE I t h  

j L A N D M A R K  I N  
POSLUN ( 2  , 3-61 

POSL UN(2,7-10) 4 E l 8 . 8 )  k Y S T E M *  

I U N I T  I5 INDICATOR FOR OUTPUT 

4 E 1 8 . 8  I !THE L V N A R  
CO O R D  I NATE 

UNITS ( S E E  KLM) 

KOPT 15 INDICATOR OF DESIRED 
OPTION OF KSECPR A R R A Y  
FOR PRINTING S T A T I S T I C S  

- :a- 



2 . 3  C o n t ' d  

S e c t .  C a r d  C o l s .  - Name 

11-60 I P S E C ( I ) , I = l , l O  1015 

2 1-18 DTPI E 1 8 . 8  

19-36 DTSUP E 1 8 . 8  

37-54 PRATE E 1 8 . 8  

3 1-24 DTP 

9 1 2-5 NCOMB 

6-10 NSB 

D24.12  

I 5  

15 

11-15 NDB 15 

10 1 2-5 MAXSTA I5 

2 2-5 KSTA I5 

6-25  K M ( I )  , I = 1 , 4  4 1 5  

3 1-72 E B R M L T ( J , K S T A ) ,  4 E 1 8 . 8  
J = l , 4  

REPEAT C A R D S  2-3 FOR EACH STATION 

i i  i 1-5 NOFT I5 

6-10 MXPASS 15 

2 1-24 TOLSQ D24.16  

25-48  TPRELM D24 .16  

D e s c r i p t i o n  

INDICATORS FOR SUPPRESSION 
OF E A C H  OF 10 PRINT 
SECT I O N S  

PRINT PORTION 
(HRS) OF: SUPPRESS 
PORTION ( H R S )  OF: 
TOTAL. P R I N T  PERIOD 
I N D I C A T O R  FOR USE OF 
ABOVE PRINT P E R I O D  

PRINT INCREMENT 

NUMBER OF COMBINED BIASES 

N U M B E R  OF STATION- 
ORIENTED BIASES 

NUMBER OF D Y N A M I C  BIASES 

C O D E S  FOR BIASES WHERE 
NDSVB IS SUM OF NCOMB, 
NSB A N D  NDB 

N U M B E R  OF STATIONS USED 

STATION N U M B E R  

FREOUENCY OF ACCEPTANCE 
OF D A T A  TYPES 

A R R A Y  OF EBAR M A T R I X  
MULT IPL IERS 

NUMBER OF TIMES T H R O U G H  
BAYES FOR CONVERGENCE 

M A X I M U M  V A L U E  OF PASS 
COUNTER 

SOUARE OF TOLERANCE FOR 
CONVERGENCE 

M A X .  TTME OF P R E I . I M I N A R Y  
B A T C H .  - 
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~ 2 . 3  C o n t ' d  

Nal?e Tvee Qescri R t  i O n  
I 

3 1-72 TSPAN ( 1-31 3 D 2 4 . 1 6  TIME SPAN OF EACH BATCH 

4 1-72 T S P A N ( 4 - 6 )  3 D 2 4 . 1 6  

I 

12  1 2 -5 IPMAT 15 INDICATOR FOR MATRIX INPUT 
= O  P MATRIX TO BE READ I N  

I =1 Q MATRIX TO BE READ I N  

2 1-72 ( S T A T t I , J ) , J = l , N B S T ) ,  
1 = 1 ,  NBST 3 D 2 4 . 1 2  P OR Q MATRIX DEP. O N  IPMAT 

WHERE NBST'TOTAL B I A S  
TYPES +6 

13 1 1- OFFSET(T 1 , 
I = l ,  NDB 4 E 1 8 . 8  OFFSETS OF DYNAMIC B I A S E S  

REPEAT CARD 1 FOR EACH VALUE O V E R  4N NEEDED 

1 4  1 1- DEI P ( 1 - 3 )  3 E 1 8 . 8  OFFSETS OF 1 S T  3 REFRAC- 
TION PARAMETERS 

D E L P ( 4 - 6 )  3 E 1 8 . 8  OFFSETS OF LAST 3 REFRAC- 
TION PARAMETERS 
SEE C A R D S  1 0 , l l  OF SECTION 
5 

15 -0PEN- 

16 -OPEN- 

17 -OPEN- 

18 -0PEN- 

19 -OPEN- 

20  END OF F I R S T  GROUP OF INPUTS 

P R O G R A M  ADVANCES TO 2 N D  G R O U P  OF INPUTS.  I F  KSTDRD IS NEGATIVE, STANDARD 
VALUES ARE COMPUTED A N D  PROGRAM B E G I N S  TO READ I N  2 N D  S E T  OF INPUTS TO 
C H A N G E  O R  AUGMENT A N Y  OF THESE STANDARDS. I F  KSTDRD NOT NEGATIVE, ALL 
VALUES A R E  READ I N ,  ELSE VALUES FROM PREVIOUS STACKED CASE ARE USED. 

-30- 



2 . 3  C o n t ' d  

S e c t .  Cqrd 

1 1-7 

2 1 

2 

3 

4 

5 

3 1 

4 1 

5 1 

2 

3 

c,ol_s. 

1-72 

1-72 

1-72 

1-72 

1-72 

1-48  

1-24 

2 5 . 4 8  

1-18 

19-36 

37-54 

55-72 

2-5 

2-5 

6-10 

i i - i 5  

1-24 

Name 

( D T 3 (  I ,  J )  , 
1=1 ,3 ) , J=1 ,7  

R l ( 1 - 3 )  

R l ( 4 - 6 )  

R l ( 7 )  , R 2 ( 1 - 2 )  

R 2 ( 3 - 5 )  

R 2 ( 6 - 7 )  

R T 1  

R T 2  

D H 1  

D H 2  

H 2  

H 4  

K O B L A T  

M 

N 

isoiic 

S O R C C F  

1 
I 

Tvrze DescriDtion i 

3 D 2 4 . 1 2  I N T E G R A T I O N  I N T E R V A L  S F O R  
E A C H  O F  7 W O R V I N G  B O D I E S  
F O R  N E A R ,  M E D I U M  A N D  F A R  
R E F E R E N C E  

3 D 2 4 . 1 2  / R 1  A N D  R2 A R E  D I S T A N C E S  
1 I N  E . R  F O R  

' E A C H  O F  7 ' W O R K I N G  B O D I E S  F O R  ::::: :: 1 ! S W I T C H I N G  F R O N  N E A R  

3 D 2 4 . 1 2  1 M E D I U M  TO 
1 T O  M E D I U M  A N D  

INTERVALS 

D 2 4 . 1 2  (VALUES USED AS 

~ 2 4 . 1 2 ~  [RECTIFICATION CRITERIA 
( ; T O L E R A N C E S  I N  

E 1 8 . 8  T R O P O S P H E R E  I N T E G R A T T  ON 
STEP S I Z E  ( K M )  I 

E 1 8 . 8  I O N 0  SP H E  R E  I N T E G R A T I O N  
STEP S I Z E  ( K M )  

, 

E 1 8 . 8  U P P E R  LIMIT T R O P O S P H E R E  ( K M )  I 

E 1 8 . 8  U P P E R  LIMIT I O N O S P H E R E  ( K M )  

I5  N U M B E R  O F  O B L A T E N E S S  C O E F F S  4 

15 M I N D E X  ~ 

I5 N I N D E X  I 

D 2 4 . 1 2  VAL,UE OF C O E F F I C I E N T  I 
R E P E A T  C A R D S  2-3 U N T I L .  K O B L A T  V A L U E S  H A V E  B E E N  R E A D  I N .  I 

I 

6 1 2-5 MB MAX 15 N U M B E R  O F  W O R K I N G  B O D I E S  
6- I t w B M U t l ) , I = l ,  

MBMAX . 1, 4 R B M A X i a  15 I N D I C E S  OF W O R K I N G  B O D I E S  1 
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2 . 3  C o n t  ' d  

2 1-72 TPMAT8 (I 1,  
1 = 1  ,MBMAX 3D24 .12  GRAVITATIONAL CONSTANTS 

OF W O R K I N G  BODIES - 
REPEAT C A R D  2 FOR E A C H  V A L U E  O V E R  3N N E E D E D  

7 

8 

9 

10 

1 1  

1 2  

1 3  

1 4  

1 1-24 DYN(48) D24 .12  S O L A R  FLUX 

25-48  DYN(49) D 2 4 . 1 2  OPEN 

1 1 -72  DYN(51-53) 3 D 2 4 . 1 2  COEFFS. FOR L U N A R  
OBI.ATENE SS 

1 1-24  COMB ( 1  1 D 2 4 . 1 2  V E L O C I T Y  OF LIGHT 

1 1-72  PRNT3(1-3)  3 D 2 4 . 1 2  PRINT I N T E R V A I  S (HRS) 
FOR N E A R  M E D I U M  A N D  
FAR REFERENCE 

1 1-24  E M I N  

1 1 -18  RTO 

D 2 4 . 1 2  M I N I M U M  ELEVATION 
A N G L E  ( R A D )  

E18.8 RATIO OF NORDSIECK 
INTEGRATION INTERVAL 
TO THAT I N  
RUNGE-KUTTA 

- O P E N -  

1 1-72  R A T E V ( 1 - 3 , l )  3 D 2 4 . 1 2  ROTATION V E C T O R  USED 
I N  MARS D R A G  
COMPUTATIONS 

2 1 -72  RATEV ( 1 - 3 , 2 )  3 D 2 4 . 1 2  ROTATION VECTOR USED 
I N  VENUS D R A G  
C O  MP UTAT IONS 

1 5  1 - 1 0  1-72  X M A C H ( 1 )  , f = l , 4 0  4 E 1 8 . 8  M A C H  N U M B E R  TABLE 

1 1 - 2 0  1-72  CDT(1)  , I = l , 4 0  4 E 1 8 . 8  D R A G  COEFFICIENT TABLE 

l h  I 1 -  D E L . X ( I )  , I=1  ,NBST 3 D 2 4 . 1 6  A R R A Y  OF CORRECTIONS TO 
THE STATE VARIABLES 

REPEAT C A R D  1 FOR E A C H  VALUE O V E R  3 N  N E E D E D  
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, 2 . 3  C o n t ' d  

D e s c r i p t i o n  - act. G a r d  LOIS. - Name TJpe 

. 17 1 1-16 RE JCT 1 NUMBER OF STANDARD 
DEVIATIONS 

1 9 - 3 6  RE JCT2 ABOVE W H I C H  DATA 
ARE REJECTED ON F I R S T  
AND SUBSEOUENT 
P A S S E S ,  RESPECTIVELY 

18 -OPEN- 

1 9  -OPEN- 

20 END OF 2 N D  GROUP O F  INPUTS 

-33- 
igr 



2.3.1 SPECIFTCATION OF EIAS ERRORS 

The user s p e c i f i e s  which biases he w a n t s  included i n  s e c t i o n  nine of t h e  

I n  what fo l lows ,  t h e  i n t e n t i o n  is t o  c l a r i f y  how t o  s e t  f i r s t  group of inputs .  

u p  t h e  proper codes f o r  bias s p e c i f i c a t i o n .  

The first card i n  s e c t i o n  nine r eads  i n  t h e  fo l lowing  q u a n t i t i e s :  

NCOMB -*the number of combination t.ype biases i n  t h e  c u r r e n t  run;  

NSB - t h e  number of s t a t i o n  o r i en ted  biases 

NDB - t h e  number of dynamic biases 

The sum of t h e s e  t h r e e  q u a n t i t i e s  i s  computed and a number of bias 

Code numbers f o r  combination type spec i fy ing  codes equal  t o  t h i s  sum i s  read in .  

biases range from one t o  f ive ,  those  f o r  s t a t i o n - o r i e n t e d  b i a s e s  from six t o  f o u r  

hundred forty-seven and those  f o r  dynamic b i a s e s  from f o u r  hundred f o r t y - e i g h t  t o  

f i v e  hundred-seven. 

The breakdown is as follows: 

Combination tme Biasea 

$& 

1 

2 

3 

4 

5 

€ u s  

V e l o c i t y  of  l i g h t  

Open 

open 

Open 

Open 

it A "combinationtt b i a s  i s  one which is  e q u a l l y  applicable t o  a l l  ground s t a t i o n e .  
Ve loc i ty  of l i g h t ,  e a r t h  r a d i u s  and e a r t h ' s  e l l i p t i c i t y  are examples of  t h i s  
type  of bias. 



S t a t i o n  Oriented E i a s e s  

XCTA i s  s t a t i o n  number 
NCDZT = 17*(ETA-l) 
L e t  N = NCDST + 5 

There are seventeen bias types assoc ia ted  wi th  any s t a t i o n .  For  a given 

s t a t i o n ,  wi th  number KSTA, t h e  codes are: 

N+1 
N+2 
N+3 
N+4 
N+5 
N+6 
N+7 
N+8 
N + 9  
N+10 
N+11 
N+12 
N+13 
N+l4 
N+15 
~+16 
N+17 

Dvnamic Eiases 

- Code 

448 
449 
450 
451 
452 
453 
L54 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
4 a  
469 
470 

S t a t i o n  l o c a t i o n  e r r o r ,  u d i r e c t i o n  
S t a t i o n  l o c a t i o n  e r r o r ,  u d i r e c t i o n  
S t a t i o n  l o c a t i o n  e r r o r ,  w d i r e c t i o n  
S t a t i o n  r o t a t i o n  angle ,  east  
S t a t i o n  r o t a t i o n  angle ,  nor th  
S t a t i o n  r o t a t i o n  angle ,  vertical 
R e f r a c t i v i t y  a t  s t a t i o n  
Tropospheric model s c a l e  f a c t o r  
Maximum e l e c t r o n  d e n s i t y  
Height of bottom of ionosphere 
Height of maximum e l e c t r o n  d e n s i t y  
Open 
Delta-t f o r  t iming  
E r r o r  i n  first observa t ion  type 
Error i n  second observa t ion  t , y  
E r r o r  i n  t h i r d  observa t ion  t.y-pe 
E r r o r  i n  f o u r t h  observa t ion  t . p  

Biases 

C ob la t eness  coefficient,m=2,n=2 
C ob la t eness  c o e f f i c i e n t  ,m=1, n=2 
C obla  t ene  ss c o e f f i c i e n t  ,m*, n=2 
C o b l a t e  ne s s coe f f i c  ie n t  , m=3 , n=3 
C ob la t eness  coefficient,m=2,n=3 
C o b l a t e  ne s s c o e f f i c i e n t  , m = l  , n=3 
C ob la t eness  coefficient,mrO,n=3 
C ob la t eness  c o e f f f e i e ~ t  ,E=& fi=4 
C o b l a t e  ne ss c o e f f i c i e n t  ,m=3, n=4 
C o b l a t e  ne ss coe f f i c  ie n t  ,m=2, n=4 
C ob la t eness  cw f f i c i e n t  , m = l  , n=4 
C ob la t eness  coefficient,mrO,n=4 
C ob la t eness  coefficient,m=3,n=5 
C obla tene  ss coe f f ic ie  n t  , m=2, n=5 
C ob la t eness  coaff ic ient ,m=l ,n=5 
C ob la t eness  coefficienttm=0,n=5 
C ob la t eness  coefficient,m=2, n=6 
C ob la t eness  coefficient,m=l,n=6 
C obla  te ne ss coo f f i c i e n  t , m=O , n=6 
C ob la t eness  coe f f i c i en t ,m=l ,n i l  
C ob la t eness  coefficient ,m=O , n i l  
C obla tene  8s c o e f f i c i e n t  , n=O , n=8 
C obletsneas coefficient,m=0,n=9 
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47 1 
47 2 
47 3 
474 
47 5 
47 6 
477 
478 
479 
4.80 
481 
482 
483 
4.84 
4.85 
4.86 
487 
4.88 
4.89 
490 
491 
492 
493 
494 
49 5 
496 
497 
49.8 
499 
500 
501 
502 
503 
504 
50 5 
506 
507 

~ ~ ~~~ 

C Oblateness coefficient,m*,n=lO 
S oblate ne s s coefficient , m=2, n=2 
S oblateness coefficient ,m=l,n=2 
S oblateness coefficient,m=3,n=3 
S oblate ne s s coe f f i c ie  n t , m=2, n=3 
S oblateness coefficient,m=l,n=3 
S oblateness coeff ic ient ,m4,n4 
8 oblateness coefficient,m=3,n=4 
S oblateness coefficient ,m=2,n=4 
S oblateness coefficient,m=l,n=& 
S oblate ne ss c oe f f i c  ie n t  , m=3, n=5 
S oblateness coefficient ,m=2, n=5 
S oblateness cosfficient,rn=l,n=5 
S oblateness coefficient ,m=2, n=6 
S oblateness coefficient,m=l,n& 
S oblateness coefficient,m=l,n=7 
Gravitational constant of Earth 
Gravitational constant of Sun 
Gravitational constant of Moon 
Gravitational constant of Mars 
Gravitational constant of Venus 
Gravitational constant of Jupiter 
Gravitational constant of Saturn 
Areactcrmass r a t i o  for radiation pressure 
Solar flux 
Open 
Area-tcrmass rat io  for  a i r  drag 
A coefficient for  lunar oblateness 
B coefficient for  lunar oblateness 
C coefficient for  lunar oblateness 

I 

Open 
Open 
Open 
Open 
Open 
Open 
Optn 
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3. G e n e r a l  D e s c r i p t i o n  o f  O u t p u t  

I n  e a c h  o f  t h e  t h r e e  p r o g r a m  s u b d i v i s i o n s ,  t h e  o u t p u t  i s  

b r o k e n  down i n t o  s e v e r a l  s e c t i o n s .  T h e  u s e r  h a s  t h e  o p t i o n  o f  

c h o o s i n g  a n y  o r  a l l  o f  t h e s e  s e c t i o n s  f o r  p r i n t i n g  d u r i n g  a 

p a r t i c u l a r  run. 

A g r e a t  d e a l  o f  f l e x i b i l i t y  e x i s t s  i n  t h e  c h o i c e  o f  t i m e s  

a t  w h i c h  t o  p r i n t .  T h e  u s e r  c a n  s p e c i f y  a n  o v e r a l l  i n t e r v a l  

( l a b e l l e d  TAU) w h i c h  i s  c o m p o s e d  o f  a p r i n t  p o r t i o n  ( D T P I ]  a n d  a 

s u p p r e s s  p o r t i o n  ( D T S U P ) .  

I f  t h e  i n p u t  v a r i a b l e  PRATE i s  n e g a t i v e ,  p r i n t i n g  t a k e s  

p l a c e  e a c h  t i m e  t h e  p r i n t  s u b r o u t i n e  i s  e n t e r e d  d u r i n g  t h e  

p r i n t  p o r t i o n  o f  t h e  i n t e r v a l  TAU. When PRATE i s  p o s i t i v e ,  

i t  i s  u s e d  a s  a t i m e  i n t e r v a l ,  i n  h o u r s ,  a t  w h i c h  p r i n t i n g  

t a k e s  p l a c e  i n  t h e  DTPI  p o r t i o n  o f  TAU. 

T h e  f o l l o w i n g  s e c t i o n s  d e s c r i b e  t h e  q u a n t i t i e s  w h i c h  t h e  

user  may s p e c i f y  a s  o u t p u t  i n  e a c h  o f  t h e  t h r e e  p r o g r a m  s u b -  

d i v i s i o n s .  

3.1 O u t p u t  O D t i o n s  i n  S u b d i v i s i o n  A 

I n  S u b d i v i s i o n  A ,  t h e r e  a r e  t e n  p r i n t  s e c t i o n s .  T h e  

f o l l o w i n g  l i s t s  t h e  o u t p u t  q u a n t i t i e s  w h i c h  a p a r t i c u l a r  

s e c t i o n  p r i n t s .  

S e c t i o n  1 

P r o g r a m  t i m e  i n  h o u r s  s i n c e  l a u n c h ;  

C u r r e n t  p r o g r a m  d a t e  i n  h o u r s ,  m i n u t e s ,  s e c o n d s ,  d a y  
a n d  y e a r ;  

P l a n e t a r y  b o d y  w h i c h  i s  t h e  c u r r e n t  r e f e r e n c e .  
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S e c t i o n  2 

S t a t i o n  n u m b e r ;  

O b s e r v a t i o n  t y p e s  w h i c h  s t a t i o n  h a n d l e s .  

S e c t i o n  3 

C o m p o n e n t s  a n d  m a g n i t u d e s  o f  p o s i t i o n  a n d  v e l o c i t y  v e c t o r s  
i n  u n i t s  s p e c i f i e d  b y  t h e  u s e r .  

S e c t i o n  4 .  

C o m p o n e n t s  a n d  m a q n i t u d e s  o f  p e r t u r b a t i o n s  i n  p o s i t i o n ,  
v e l o c i t y  a n d  a c c e l e r a t i o n  i n  u n i t s  s p e c i f i e d  b y  t h e  u s e r .  

S e c t i o n  5 

C o m p o n e n t s  a n d  m a q n i t u d e s  o f  v e c t o r s  b e t w e e n  v e h i c l e  a n d  
e a c h  p l a n e t a r y  b o d y  i n  s p e c i f i e d  u n i t s .  

S e c t i o n  6 

C o m p o n e n t s  a n d  , m a g n i t u d e s  o f  v e c t o r s  b e t w e e n  t h e  e a r t h  a n d  
e a c h  o f  t h e  o t h e r  p l a n e t a r y  b o d i e s  i n  s p e c i f i e d  u n i t s .  

S e c t i o n  7 

C o m p o n e n t s  a n d  m a g n i t u d e s  o f  v e c t o r s  b e t w e e n  t h e  s u n  a n d  
e a c h  o f  t h e  o t h e r  p l a n e t a r y  b o d i e s  i n  s p e c i f i e d  u n i t s .  

S e c t i o n  8 

R i g h t  a s c e n s i o n ;  

D e c l i n a t i o n ;  

G r e e n w i c h  h o u r  a n g l e ;  

L o n g i t u d e  a n d  l a t i t u d e  o f  e a r t h  s u b s a t e l l i t e  p o i n t ;  

G e o c e n t r i c  a l t i t u d e ,  a z i m u t h  a n d  e l e v a t i d n ;  

G e o d e t i c  a z i m u t h  a n d  e l e v a t i o n .  

S e c t i o n  9 

T r u e ,  e c c e n t r i c  a n d  m e a n  a n o m a l i e s ;  

E c c e n t r i c i t y ;  



I n c l i n a t i o n ;  

A r g u m e n t  o f  p e r i g e e ;  

P e r i g e e  p a s s a g e  t i m e ;  

R i g h t  a s c e n s i o n  o f  a s c e n d i n g  n o d e ;  

P e r i o d ;  

Mean m o t i o n ;  

S e m i - m a j o r  a x i s ;  

P e r i g e e  a n d  a p o g e e  h e i g h t s .  

S e c t i o n  10 

S t a t i o n  n a m e ;  

P r o g r a m  t i m e  i n  h o u r s ;  

S t a t i o n  l o c a t i o n ;  

O b s e r v a t i o n  v a l u e s .  

S e c t i o n  8 o f  t h e  f i r s t  g r o u p  o f  i n p u t s  r e a d s  i n  t h e  q u a n t i t j e s  

b y  w h i c h  t h e  u s e r  d e s i g n a t e s  t h e  t y p e  a n d  f r e q u e n c y  o f  o u t p u t  

d e s i r e d .  T h e  i n c l u s i o n  o f  a n y  o f  t h e  t e n  o u t p u t  s e c t i o n s  

d e s c r i b e d  a b o v e  i s  s p e c i f i e d  b y  a p o s i t i v e  v a l u e  i n  t h e  c o r r e s p o n d - ,  

i n g  e l e m e n t  o f  t h e  a r r a y  IPSEC. 

3.2 O u t p u t  O o t i o n s  i n  S u b d i v i s i o n  B 1  

I n  S u b d i v i s i o n  B 1 ,  t h e  p r i n t i n g  i s  d o n e  b y  t h r e e  s u b r o u t i n e s ,  

v i z . ,  P B l A ,  PRNTBl a n d  PTBl.  T h i s  m u l t i p l i c i t y  o f  o u t p u t  r o u t i n e s  

w a s  d i c t a t e d  b y  t h e  n e e d  t o  c o n s e r v e  s t o r a g e  a n d  f i t s  w e l l  i n t o  

t h e  e s t a b l i s h e d  o v e r l a y  s t r u c t u r e .  

3.2.1 O u t p u t  A s s o c i a t e d  w i t h  T r a j e c t o r y  C o m p u t a t i o n s  

S u b r o u t i n e  PBlA p e r f o r m s  t h e  f u n c t i o n  o f  t e s t i n g  if it  i s  I 

t i m e  t o  p r i n t .  I f  s o ,  i t  p r i n t s  t h o r o  S e c t i o n 8  o f  S e c t i o n s  1 
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a n d  3 ( d e s c r i b e d  i n  3 . 1 )  w h i c h  a r e  s p e c i f i e d  i n  t h e  IPSEC a r r a y .  

T h e n ,  i f  t h e  q u a n t i t y  i n  t h e  c a l l i n g  s e q u e n c e  i s  n o n - z e r o  a n d  

a n y  o f  S e c t i o n s  4 t h r o u g h  9 ( a l s o  d e s c r i b e d  i n  3 . 1 )  a r e  s p e c i f i e d  

i n  t h e  IPSEC a r r a y ,  PBlA c a l l s  s u b r o u t i n e  PTB1. T h e  l a t t e r  p r i n t s  

t h e  d e s i g n a t e d  S e c t i o n s .  

3 . 2 . 2  O u t p u t  A s s o c i a t e d  w i t h  S t a t i s t i c a l  C o m p u t a t i o n s  

9 

S u b r o u t i n e  PRNTBl i s  a s s i g n e d  t o  t h e  s t a t i s t i c a l  l i n k  o f  

t h e  o v e r l a y  s t r u c t u r e .  I t s  f u n c t i o n  i s  t h e  p r i n t i n g  o f  q u a n t i t i e s  

a s s o c i a t e d  w i t h  t h e  L e a s t  S q u a r e s  o r  Minjrnurn V a r i a n c e  c o r n p u t a t j o n s .  

T h e  o u t p u t  i s  d i v i d e d  i n t o  f i f t e e n  s e c t i o n s ,  o n l y  o n e  o f  

w h i c h  c a n  b e  p r i n t e d  a t  e a c h  c a l l  t o  PRNTB1. T h e  s e c t i o n  t o  b e  

p r i n t e d  i s  s p e c i f i e d  i n  t h e  c a l l i n g  s e q u e n c e .  

I f  KPRINT ( a n  i n d i c a t o r  s e t  i n  PBlA a t  p r i n t  t i m e s )  i s  n o n -  

z e r o  o r  i f  t h e  i n d i c a t o r  MFLAG i s  p o s i t i v e ,  t h e  d e s i g n a t e d  

e l e m e n t  o f  t h e  i n d i c a t o r  m a t r i x ,  KSECPR, i s  t e s t e d .  When i t  

i s  n o n - z e r o ,  t h e  s e c t i o n  s p e c i f i e d  i n  t h e  c a l l i n g  s e q u e n c e  is 

p r i n t e d .  T h e  s e c t i o n s  a v a i l a b l e  f o r  p r i n t i n g  a r e  a s  f o l l o w s c  

S e c t i o n  O u t p u t  

1 S t a t e  T r a n s i t i o n  M a t r i x ,  P H I  

2 P o i n t  T r a n s f o r m a t i o n  M a t r i x ,  S 

3 C o v a r i a n c e  M a t r i x ,  Q U p d a t e  

4 O b s e r v a t i o n  M a t r i x ,  M 

5 O b s e r v a t i o n  M a t r i x ,  N 

6 EBAR M a t r i x  

7 C o v a r i a n c e  o f  O b s e r v a t i o n s  M a t r i x ,  Y 



.. 

8 I n v e r s e  o f  Y M a t r i x  

9 

10 

11 

Optimum F i l t e r  M a t r i x ,  L 

C o v a r i a n c e  M a t r i x ,  Q C o r r e c t e d  

C o v a r i a n c e  M a t r i x ,  P 

. 1 2  A r r a y  o f  P a r a m e t e r  R e s i d u a l s  I 

13  A r r a y  o f  R e s i d u a l s  o f  S t a t e s  

14  S t a t i o n  Number a n d  D a t a  T y p e s  

15 S t a t i o n  Name, O b s e r v a t i o n  V a l u e s  and  T i m e  
~ 

The '  i n d i c a t o r  KOPT i s  r e a d  i n  S e c t i o n  8 o f  t h e  f i r s t  g r o u p  1 
o f  i n p u t s .  I 

3.3 O u t D u t  O p t i o n s  i n  S u b d i v i s i o n  B 2  

I n  S u b d i v i s i o n  B 2 ,  t h e  p r i n t i n g  i s  d o n e  b y  t h r e e  s u b r o u t i n e s ,  

v i z . ,  BPRA2, BPRB a n d  BPTA2. Here ,  a s  i n  B 1 ,  u se  o f  t h e  o v e r l a y  

s t r u c t u r e  t o  c o n s e r v e  s t o r a g e  l e d  t o  a m u l t i p l i c i t y  o f  o u t p u t  

s u b r o u t i n e s .  

3.3.1 O u t p u t  A s s o c i a t e d  w i t h  T r a j e c t o r y  C o m p u t a t i o n s  

The  d i s c u s s i o n  i n  S e c t i o n  3 . 2 . 1  a p p l i e s  e x a c t l y  h e r e  when 

BPRA2 i s  s u b s t i t u t e d  f o r  PBlA a n d  BPTA2 f o r  PTB1. 

3 . 3 . 2  O u t p u t  A s s o c i a t e d  w i t h  S t a t i s t i c a l  C o m p u t a t i o n s  

T h e  d i s c u s s i o n  i n  S e c t i o n  3 . 2 . 2  a p p l i e s  e x a c t l y  h e r e  when 

BPRB i s  s u b s t i t u t e d  f o r  PRNTB1. 



I $ I B L D R  INPUTA 

b i n a r y  d e c k  f o r  INPUTA 

= & -  

4 .  O p e r a t i n q  P r o c e d u r e s  

A l l  r u n s  a r e  s e t  up  a s  j o b s  u n d e r  t h e  IBSYS/IBJOB O p e r a t i n g  

S y s t e m .  E a c h  o f  t h e  p r o g r a m  s u b d i v i s i o n s  i s  c o m p o s e d  o f  a 

d i s t i n c t  s e t  o f  d e c k s .  T h e  o v e r l a y  f e a t u r e  o f  I B J O B  is u s e d  

b y  e a c h  s u b d i v i s i o n  a n d  t h e  a p p r o p r i a t e  c o n t r o l  c a r d s  a r e  r e -  

q u i r e d  f o r  d e f i n i n g  t h e  o v e r l a y  s t r u c t u r e .  

T h e  o p e r a t i o n a l  a s p e c t s  o f  t h e  O r b i t  D e t e r m i n a t i o n  Progr’am 

w i l l  b e  d e s c r i b e d  i n  d e t a i l  f o r  u s e  u n d e r  t h e  “ S t a n d - A l o n e ”  

7 0 9 0 / 7 0 9 4 .  T h e  a p p r o a c h  f o r  i t s  o p e r a t i o n  u n d e r  t h e  7 0 4 0 - 7 0 9 4  

D i r e c t - C o u p l e d  S y s t e m  w i l l  a l s o  b e  d e s c r i b e d .  

4 . 1  T y p i c a l  Deck S e t  , U p  

C o n s i d e r  t h e  o v e , r l a y  d i a g r a m  f o r  S u b d i v i s i o n  A ( F i q u r e  1 ) .  

T h e  d e c k  s e t - u p  t o  r u n  a j o b  w o u l d  b e  a s  f o l l o w s :  

C o l  um- 1 a 16 

$ J O B  

$ E X E C U T F  I B  J O B  

$ I B  J O B  G O ,  MAP, NOFLOW 

$ IBLDR DMTML 

b i n a r y  d e c k  f o r  DMTML 

$ I B L D R  DOMUD 

b i n a r y  d e c k  f o r  DOMUD 

3 IBLDR EXECA 

b i n a r y  d e c k  f o r  EXECA 

$OR I G  IN ALPHA 



Co 1 urn n s : 1 0 

$ IBLDR XFORM 

. 

b i n a r y  d e c k  for XFORM 

$OR I G  I N  

$ IBLDR AT I M  

b i n a r y  d e c k  f o r  ATIM 

16 

ALPHA 

S I B  LD R DDOT 

b i n a r y  d e c k  for DDOT 

$ IBLDR EPFEM 

b i n a r y  d e c k  f o r  EPHEM 

3 IBLDR FIX 

b i n a r y  d e c k  for F I X  

$ I B L D R  MA I N A  

b i n a r y  d e c k  f o r  M A I N A  

S IBLDR MODELA 

b i n a r y  d e c k  f o r  MODFLA 

$ IBLDR NUTPRE 

b i n a r y  d e c k  for NUTPRE 

S IBLDR OBD 

~ i i i d r ~  d e c k  f n r  OBD 

$ IBLDR OBSERA 

b i n a r y  d e c k  for OBSERA 

f IBLDR PR INTA 

b i n a r y  d e c k  for PRINTA 

$ IBLDR SERVCE 

b i n r r y  dock for  SFRVCF 

- _ _  
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. 

C o  1 umn s t 1 8 

$ IBLDR STACUL 

b i n a r y  deck f o r  STACUL 

$IBLDR ' S T A P O S  

b i n a r y  deck f o r  STAPOS 

$ IBLDR T I M N G A  

b i n a r y  deck f o r  TIMNGA 

$OR I G  I N  

8 I B L D R  CDER I V  

b i n a r y  deck f o r  CDERIV 

S IBLDR C I N T  

b i n a r y  deck f o r  C I N T  

$ IBLDR C INTRP 

b i n a r y  deck f o r  CTNTRP 

$ IBLDR CITGRA 

b i n a r y  deck f o r  CITGRA 

$ IBLDR CRSTRE 

b i n a r y  d e c k  for CRSTRF 

S O R I G  I N  

S IBLDR COBDRG 

b i n a r y  deck f o r  COBDRG 

$OR IG I N  

$ IBLDR CMVDRG 

b i n a r y  deck f o r  CMVDRG 

$OR JG I N  

S IBLDR CCHRFF 

b i n a r y  d e c k  f o r  CCHREF 

16 

BETA 

GAMMA 

GAMMA 

GAMMA 



Columns  a 1 0 16 . 
S I B L D R  CMNOBP 

b i n a r y  d e c k  f o r  CMNOBP 

$OR TG I N  

3TBLDR FDFR I V  

b i n a r y  d e c k  f o r  E D E R I V  

S S B L  DR E I N T  

b i n a r y  d e c k  f o r  ETNT 

3 IBLDR F: I N T R P  

b i n a r y  d e c k  f o r  E I N T R P  

S I B L D R  F ITGRA 

b i n a r y  d e c k  f o r  E I T G R A  

3BLDR E R S T R E  

b i n a r y  d e c k  f o r  E R S T R E  

3 IBLDR KEPLFR 

b i n a r y  d e c k  f o r  KEPLER 

3 JBLDR PFLGHT 

b i n a r y  d e c k  f o r  PFLGHT 

$ IBLDR RFCT 

b i n a r y  d e c k  f o r  RECT 

BETA 

$OR IG I N  DELTA 

B IBLDR EOBDRG 

b i n a r y  d e c k  f o r  EOBDRG 

$OR IG IN DELTA 

S IBLDR EMVDRG 

b i n a r y  deck for  EMVDRG 



C o l u m n s ;  1 8 

$OR Id I N  

$ I B L D R  ECHREF 

b i n a r y  d e c k  for ECHREF 

S IBLDR EMNOBP 

b i n a r y  d e c k  f o r  EMNOBP 

$OR I G  I N  

$ I B L D R  P F I N I T  

b i n a r y  d e c k  f o r  P F I N I T  

$ E N T R Y  EXECA 

$ D A T A  

16 

DELTA 

BETA 

D e c k  c o n t a i n i n g  S p e c i f i c a t i o n s  I n p u t  

SIBSYS 

I n  t h e  a b o v e  d e c k  s e t - u p  t h e  SIBLDR c o n t r o l  c a r d  a n d  t h e  

b i n a r y  d e c k  f o r  a s u b r o u t i n e  may be r e p l a c e d  b y  a SIBFTC c o n t r o l  

c a r d  a n d  t h e  s o u r c e  d e c k  f o r  t h e  s u b r o u t i n e .  
I .  

4 . 2  T a D e  A s s i a n m e n t s  

T h e  t a p e  u n i t  c o n t a i n i n g  t h e  p r e - s t o r e d  p r o g r a m  a n d  d a t a  

d e c k  i s  m o u n t e d  o n  SYSIN1,  

O t h e r  t a p e  u n i t s  r e f e r r e d  t o  b y  t h e  v a r i o u s  s u b d i v i s i o n s  

a r e  l o g i c a l  u n i t s  8 ,  9 ,  10 a n d  11. T h e  c o r r e s p o n d i n g  t a p e r  

s h o u l d  be m o u n t e d  on  d r i v e s  i n  a c c o r d a n c e  w i t h  t h o  T a p e  A s s i g n -  

m e n t  T a b l e  i n  e f f e c t  a t  t h e  p a r t i c u l a r  i n s t a l l a t i o n .  

L o g i c a l  T a p e  8 c o n t a i n s  t h e  r e q u i r e d  t a b l e s  o f  p l a n e t a r y  

p o s i t i o n s .  I t  i s  used b y  a l l  p r o g r a m  s u b d i v i s i o n s .  



I 

. L o g i c a l  T a p e  9 is  t h e  o b s e r v a t i o n  d a t a  t a p e .  I n  Sub-  

d i v i s i o n  A ,  a s c r a t c h  t a p e  s h o u l d  b e  m o u n t e d  on  l o g i c a l  u n i t  

9 when i n  t h e  made  c a l l i n g  f o r  a s i m u l a t e d  d b t a  t a p e  t o  be 

p r o d u c e d .  I n  S u b d i v i s i o n s  B 1  a n d  B2, t h o s e  m o d e s  c a l l i n g  f o r  

o b s e r v a t i o n a l  d a t a  r e q u i r e  a d a t a  ( r e a l  o r  s i m u l a t e d )  t a p e  o n  

l o g i c a l  u n i t  9. 

L o g i c a l  T a p e  10 i s  u s e d  f o r  Summary i n f o r m a t i o n .  T h e r e -  

f o r e ,  a s c r a t c h  t a p e  s h o u l d  be m o u n t e d  on l o g i c a l  u n i t  10 

when r u n n i n q  S u b d i v i s i o n s  B 1  or B2. 

L o g i c a l  T a p e  11 is u s e d  a s  a t e m p o r a r y  s t o r e  f o r  v a r i o u s  

q u a n t i t i e s  b y  Minimum V a r i a n c e  a n d  B a y e s  s t a t i s t i c s .  A 

s c r a t c h  t a p e  on  l o g i c a l  u n i t  11 is t h e r e f o r e  r e q u i r e d  i n  

S u b d i v i s i o n s  B l  a n d  B2. 

An a d d i t i o n a l  o p t i o n  o f  t h e  o v e r l a y  f e a t u r e s  fs t h e  use 

o f  t a p e s  t o  s h a r e  t h e  f u n c t i o n  of  t h e  Load  F i l e  T a p e  ( see  t h e  

I B J O B  m a n u a l  f o r  d e s c r i p t i o n ) .  T h e s e  a d d i t i o n a l  t a p e s  s h o r t e n  

t h e  amount  o f  t ime n e c e s s a r y  f o r  t h e  l o a d e r  t o  l o c a t e  a p a r t i c -  

u l a r  l i n k  t o  be b r o u g h t  i n t o  c o r e .  

T h i s  o p t i o n  is s p e c i f i e d  by p l a c i n g  t h e  s y s t e m  u n i t  name 

( s u c h  a s  SYSUT2), o n t o  w h i c h  t h e  d e p e n d e n t  l i n k  is t o  be 

w r i t t e n ,  on t h e  S O R I G I N  c o n t r o l  c a r d  p r e c e d i n g  t h a t  l i n k .  

E a c h  d i s t i n c t  s y s t e m  u n i t  name t h u s  s p e c i f i e d  r e q u i r e s  a 

s c r a t c h  t a p e  t o  be m o u n t e d  o n  t h e  d r i v e  c o r r e s p o n d i n g  t o  

t h e  s y s t e m  u n i t .  

When r u n n i n g  u n d e r  t h o  D i r e c t - C o u p l e d  S y s t e m ,  t h e  f a l l o w -  

i n g  d i f f e r e n c e s  a r e  t o  be no ted :  



( a )  SYSINl  a n d  SYSOUl n o  l o n g e r  r e q u i r e  t a p e  d r i v e s :  

( b )  Any o t h e r  u n i t  n o t  s p e c i f i e d  o n  a b S F T U P  c o n t r o l  

c a r d  w i l l  a u t o m a t i c a l l y  b e  a s s i g n e d  t o  t h e  D i s c .  

H e n c e ,  $SETUP c a r d s  a r e  r e q u i r e d  f o r  t h e  F p h e m e r i s  

t a p e  ( l o g i c a l  u n i t  8) a n d  t h e  o b s e r v a t i o n  d a t a  t a p e  

( l o g i c a l  u n i t  9). I t  i s  r e c o m m e n d e d  t h a t  $SETUP 

c a r d s  a l s o  b e  u s e d  f o r  t h e  t a p e s  on w h i c h  t h e  

d e p e n d e n t  l i n k s  a r e  w r i t t e n ,  f o r  s p e e d  o f  o p e r a -  

t i o n .  

4 . 3  S u b d i v i s i o n  B2 

Up u n t i l  now,  S u b d i v i s i o n  B2 h a s  b e e n  t r e a t e d  a s  a 

c o m p l e t e  p r o g r a m  i n  S t s e l f ,  h a v i n g  much t h e  s a m e  s t r u c t u r e  

a s  S u b d i v i s i o n  B 1 .  i l o w e v e r ,  t h e  c u r r e n t  v e r s i o n  o f  t h e  TRSYS 

s y s t e m  r e q u i r e s  s o  much memory  t h a t  i t  i s  n o t  p o s s i b l e  t o  f i t  

t h e  l o n q e s t  l i n k  o f  S u b d i v i s i o n  B2 i n t o  c o r e .  

As a r e s u l t ,  S u b d i v i s i o n  B2 h a s  been  d i v i d e d  i n t o  t w o  

s e p a r a t e  s u b - p r o g r a m s ,  B 2 ( A )  a n d  B 2 ( B ) .  B 2 ( A )  u ses  o n l y  

Minimum V a r i a n c e  f o r  i t s  s t a t i s t i c a l  p r o c e s s i n q  a n d  B 2 ( R )  

u s e s  o n l y  B a y e s  E s t i m a t i o n .  

I t  i s  e x p e c t e d  t h a t  l a t e r  v e r s i o n s  ( v j z . ,  1 2  a n d  1 3 )  o f  

IBSYS wi l l  r e q u i r e  much l e s s  memory  f o r  s y s t e m  n, . : t .poses ,  t h u s  

a l l o w i n g  B 2 ( A )  a n d  B 2 ( B )  t o  b e  r e c o m b i n e d  t o  S u b d i v i s i o n  B2. 

F i g u r e s  3 a n d  4 p r e s e n t  t h e  o v e r l a y  d i a g r a m s  o f  S u b -  

p r o g r a m s  B 2 ( A )  a n d  B 2 ( B ) .  F i g u r e  2 s h o w s  t h e  o v e r l a y  

s t r u c t u r e  o f  S u b d i v i s i o n  B1. 



0 

. L o g i c a l  T a p e  9 is t h e  o b s e r v a t i o n  d a t a  t a p e .  I n  Sub-  

d i v i s i o n  A ,  a s c r a t c h  t a p e  s h o u l d  be m o u n t e d  on  l o g i c a l  u n i t  

9 when i n  t h e  made  c a l l i n g  f o r  a s i m u l a t e d  d l t a  t a p e  t o  be 

p r o d u c e d .  I n  S u b d i v i s i o n s  B1 a n d  82,  t h o s e  m o d e s  c a l l i n g  f o r  

o b s e r v a t i o n a l  d a t a  r e q u i r e  a d a t a  ( r e a l  o r  s i m u l a t e d )  t a p e  o n  

l o g i c a l  u n i t  9. 

L o g i c a l  T a p e  10 i s  u s e d  f o r  Summary i n f o r m a t i o n .  

f o r e ,  a s c r a t c h  t a p e  s h o u l d  be m o u n t e d  on  l o g i c a l  u n i t  10 

when r u n n i n g  S u b d i v i s i o n s  B1 o r  B2. 

T h e r e -  

L o a i c a l  T a p e  11 is u s e d  a s  a t e m p o r a r y  s t o r e  f o r  v a r i o u s  

q u a n t i t i e s  b y  Minimum V a r i a n c e  a n d  B a y e s  s t a t i s t i c s .  A 

s c r a t c h  t a p e  on  l o g i c a l  u n i t  11 is t h e r e f o r e  r e q u i r e d  i n  

S u b d i v i s i o n s  B 1  a n d  B2. 

A n  a d d i t i o n a l  o p t i o n  o f  t h e  o v e r l a y  f e a t u r e s  is t h e  use 

o f  t a p e s  t o  s h a r e  t h e  f u n c t i o n  o f  t h e  Load  F i l e  T a p e  ( see  t h e  

I B J O B  m a n u a l  f o r  d e s c r i p t i o n ) .  T h e s e  a d d i t i o n a l  t a p e s  s h o r t e n  

t h e  amount  o f  t i m e  n e c e s s a r y  f o r  t h e  l o a d e r  t o  l o c a t e  a p a r t i c -  

u l a r  l i n k  t o  be  b r o u g h t  i n t o  c o r e .  

T h i s  o p t i o n  i s  s p e c i f i e d  by p l a c i n g  t h e  s y s t e m  u n i t  name 

( s u c h  a s  SYSUT2), o n t o  w h i c h  t h e  d e p e n d e n t  l i n k  i s  t o  b e  

w r i t t e n ,  on  t h e  SORIGIN c o n t r o l  c a r d  p r e c e d i n g  t h a t  l i n k .  

E a c h  d i s t i n c t  s y s t e m  u n i t  name t h u s  s p e c i f i e d  r e q u i r e s  a 

s c r a t c h  t a p e  t o  be m o u n t e d  on t h e  d r i v e  c o r r e s p o n d i n g  t o  

t h e  s y s t e m  u n i t .  

When r u n n i n g  u n d e r  t h o  D i r e c t - C o u p l e d  S y s t e m ,  t h e  f a l l o w -  

i n g  d i f f e r e n c e s  a r e  t o  be no ted :  



( a )  SYSINl  a n d  SYSOUl n o  l o n g e r  r e q u i r e  t a p e  d r i v e s :  

( b )  Any o t h e r  u n i t  n o t  s p e c i f i e d  o n  a S S F T U P  c o n t r o l  

c a r d  w i l l  a u t o m a t i c a l l y  b e  a s s i g n e d  t o  t h e  D i s c .  

H e n c e ,  $SETUP c a r d s  a r e  r e q u i r e d  f o r  t h e  F p h e m e r i s  

t a p e  ( l o q i c a l  u n i t  8 )  a n d  t h e  o b s e r v a t i o n  d a t a  t a p e  

( l o q i c a l  u n i t  9). I t  i s  r e c o m m e n d e d  t h a t  $SETUP 

c a r d s  a l s o  b e  u s e d  f o r  t h e  t a p e s  on w h i c h  t h e  

d e p e n d e n t  l i n k s  a r e  w r i t t e n ,  f o r  s p e e d  o f  o p e r a -  

t i o n .  

4 . 3  S u b d i v i s i o n  B 2  

Up u n t i l  now,  S u b d i v i s i o n  B2 h a s  b e e n  t r e a t e d  a s  a 

c o m p l e t e  p r o g r a m  i n  i t s e l f ,  h a v i n q  much t h e  s a m e  s t r u c t u r e  

a s  S u b d i v i s i o n  B 1 .  H o w e v e r ,  t h e  c u r r e n t  v e r s i o n  o f  t h e  TBSYS 

s y s t e m  r e q u i r e s  s o  much niemory t h a t  i t  i s  n o t  p o s s i b l e  t o  f i t  

t h e  l o n q e s t  l i n k  o f  S u b d i v i s i o n  B2 i n t o  c o r e .  

A s  a r e s u l t ,  S u b d i v i s i o n  B2 h a s  b e e n  d i v i d e d  i n t o  t w o  

s e p a r a t e  s u b - p r o g r a m s ,  B 2 ( A )  a n d  B 2 ( B ) .  B 2 ( A )  u s e s  o n l y  

Minimum V a r i a n c e  f o r  i t s  s t a t i s t i c a l  p r o c e s s i n q  a n d  B 2 ( B )  

u s e s  o n l y  B a y e s  F s t i m a t i o n .  

I t  i s  e x p e c t e d  t h a t  l a t e r  v e r s i o n s  ( v j z . ,  1 2  a n d  1 3 )  o f  

IBSYS wi l l  r e q u i r e  much l e s s  memory  f o r  s y s t c m  r)L,'t~posF)s, t h u s  

a l l o w i n g  B 2 ( A )  a n d  B 2 ( B )  t o  b e  r e c o m b i n e d  t o  S u b d i v i s i o n  B2. 

F i g u r e s  3 a n d  4 p r e s e n t  t h e  o v e r l a y  d i a g r a m s  o f  S u b -  

p r o g r a m s  B 2 ( A )  a n d  B 2 ( B ) .  F i g u r e  2 s h o w s  t h e  o v e r l a y  

s t r u c t u r e  o f  S u b d i v i s i o n  B 1 .  



, 

. 

4 . 4  commended O p t i o n a l  F r o c e d u r e s  

C e r t a i n  t e c h n i q u e s  c a n  b e  e m p l o y e d  t o  g i v e  m o r e  e f f i c i e n c y  

o f  o p e r a t i o n  i n  t h e  r u n n i n g  o f  t h e  O r b i t  D e t e r m i n a t i o n  P r o g r a m .  

C o n s i d e r  t h e  user who d e s i r e s  t o  r u n  S u b d i v i s i o n  B 1  w i t h  t h e  

E n c k e  o p t i o n  o f  i n t e g r a t i o n  e x c l u s i v e l y .  

f o l l o w i n g  m o d i f i c a t i o n s  c a n  t h e n  b e  m a d e  t o  t h e  p r o g r a m  

CITGRA c a n  b e  r e p l a c e d  b y  a dummy s u b r o u t i n e .  

( I t  c a n n o t  be  r e m o v e d  e n t i r e l y ,  s i n c e  a CALL 

CITGRA s t a t e m e n t  i s  p r e s e n t '  i n  s u b r o u t i n e  

M A I N B ~ .  ) 

T h e  b i n a r y  d e c k s  f o r  s u b r o u t i n e s  CINT, CCFRFF, 

CRSTRE, CDER I V ,  COBDRG,  CTNTRP , CMVDRG, CMNOBP 

c a n  b e  r e m o v e d .  

T h i s  w i l l  s h o r t e n  t h e  s i z e  o f  t h e  p r o g r a m  d e c k  a n d  h e n c e  m i n i m i z e  

l o a d i n g  t ime  o n  t h e  c o m p u t e r .  T h e  s a m e  a p p r o a c h  c a n  a l s o  be  

t a k e n  i f  t h e  u se r  w a n t s  t o  use o n e  m e t h o d  o f  s t a t i s t i c a l  

p r o c e s s i n g ,  f o r  e x a m p l e ,  B a y e s  E s t i m a t i o n .  

T o  a v o i d  t h e  d e c k  h a n d l i n g  p r o b l e m s ,  a l l  p r o g r a m s  c a n  be  

p r e - s t o r e d  o n  t a p e ,  e a c h  s u b d i v i s i o n  o c c u p y i n g  a different file. 

T h e n ,  a p a r t i c u l a r  r u n  c a n  be m a d e  w i t h  a v e r y  s m a l l  i n p u t  

d e c k  b y  m a k i n g  use o f  t h e  STEDTT c o n t r o l  c a r d  o f  t h e  TBJOB 

I n p u t / O u t p u t  E d i t o r .  
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